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(54) Electrophotographic photosensitive member, process cartridge, and electrophotographic 
apparatus 



(57) The present invention relates to an electropho- 
tographic photosensitive member having a support and 
provided thereon a photosensitive layer. The photosen- 
sitive layer contains a high-molecular weight charge- 
transporting material having a specific repeating struc- 
tural unit The high-molecular weight charge-transport- 
ing material has a weight-average molecular weight Mw 



of 1 ,500 or more and an energy level of highest occupied 
molecular orbital, Ehoj^^Q' ofUom -8.3 eV or more to -8.0 
eV or less as found by semiempirical molecular-orbital 
calculation. The present invention also relates to a proc- 
ess cartridge and an electrophotographic apparatus 
which have such an electrophotographic photosensitive 
member. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] This invention relates to an electrophotographic photosensitive member, a process cartridge and an electro- 
photographic apparatus. More particularly, "rt relates to an electrophotographic photosensitive member having a support 
and provided thereon a photosensitive layer, which photosensitive layer contains a specific high-molecular weight- 
10 charge-transporting material; and a process cartridge and an electrophotographic apparatus which have such an elec- 
trophotographic photosensitive rnember. 

Related Background Art 

15 [0002] Electrophotographic techniques are in wide use and application in the field of copying machines and also 
printers because of their advantages that images can be fonned in real time and high-quality images can be obtained. 
[0003] Electrophotographic photosensitive members may be given as one of typical image-holding members used 
in electrophotographic apparatus. Photoconductive materials used in the electrophotographic photosensitive members 
include inorganic photoconductive materials such as selenium, cadmium sulfide and zinc oxide. In recent years, how- 

20 ever, organic photoconductive materials are on energetic research and development because of their advantages that, 
e.g., they are free from environmental pollution, promise high productivity and have readiness and future for material 
designing. 

[0004] As a matter of course, the electrophotographic photosensitive members are required to have various prop- 
erties such as electrical, mechanical and also optical properties according to electrophotographic processes to be 
25 applied. In particular electrical and mechanical force such as charging, exposure, development, transfer and cleaning 
are directly or indirectly repeatedly applied to electrophotographic photosensitive members being used repeatedly. 
Hence, they are required to have durabilities to these. 

[0005] In organic electrophotographic photosensitive members making use of organic photoconductive materials, it 
is usual for the organic photoconductive materials to be dissolved or dispersed in binder resins and used in the form 
30 of coating films. To fomi the coating films, organic photoconductive materials and binder resins are dissolved or dis- 
persed in solvents, followed by coating and then drying. 

[0006] As the binder resins, materials such as vinyl polymers such as polymethyl methacrylate, polystyrene and 
polyvinyl chloride, as well as polycartDonate, polyester, polyarylate, polysulfone, phenoxy resins, epoxy resins, silicone 
resins and copolymers of these are used. 

35 [0007] The organic electrophotographic photosensitive members have many advantages that they have superior 
mass productivity and, in respect of cost, can be manufactured at a relatively low cost. It, however, is not the case that 
they have satisfied all requirements that are called for as electrophotographic photosensitive members. 
[0008] With regard to functionality and performance as electrophotography, electrophotographic photosensitive 
members superior to inorganic electrophotographic photosensitive members have come to be manufactured. However, 

40 It is desired to make further improvement in respect of other performance, in particular, what concerns the durability 
(running perfonnance) in the organic electrophotographic photosensitive members. 

[0009] As one method of improving the running performance of organic electrophotographic photosensitive members, 
it is proposed to use various binder resins having superior mechanical strength. However, even though binder resins 
themselves have superior mechanical strength, they are used in the state a low-molecular weight charge-transporting 
45 material is mixed, and hence, the film strength inherent in the binder resins can not sufficiently be brought out. Thus, 
satisfactory durability (running performance) has not necessarily been achieved in respect of resistance to wear and 
resistance to scratching. 

[0010] To make the most of the film strength inherent in the binder resins, the charge-transporting material to be 
added may be used in a smaller quantity. In such a case^ however, a problem may arise such that electrophotographic 
50 sensitivity lowers or residual potential rises. Thus, it has not come to achievement of both the filhi strength and the 
electrophotographic performance. 

[0011] For the purpose of preventing film strength from lowering due to the addition of such a low-molecular weight 
charge-transporting material, the use of high-molecular weight charge-transporting materials is proposed as disclosed 
in Japanese Patent Applications Laid-open No. 64-9964, No. 2-282263, No. 3-221522, No. 8-208820 and so forth. 
55 [0012] However, a great deal of these are not necessarily those having sufficient resistance to wear Even where 
they have film strength to a certain extent, there have been disadvantages such that they require too high production 
cost to be suited for practical use. 

[0013] From the viewpoint of the resistance to wear of electrophotographic photosensitive members and the cost for 
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their production, these high-molecutar weight charge-transporting materials may be used in combination with insulating 
resins. In such a case, binder resins and high-molecular weight charge-transporting materials may have poor compat- 
ibility with each other to make it impossible to produce electrophotographic photosensitive members which can provide 
good image quality, or to make poor the resistance to wear. 
5 . [0014] As a high-molecular weight charge-transporting material of a different type, a high-molecular weight charge- 
transporting material having a repealing structural unit of triphenylamine is proposed (International Publication No. 
W099/32537). The high-mofecular weight charge-transporting material having this stmclure has so good compatibility 
with insulating resins that it has high mechanical strength and high mobility. 

[0015] Improvement in running performance of an electrophotographic photosensitive member makes it also nec- 
10 essary to provide properties which are stable even in using the electrophotographic photosensitive member repeatedly 
over a long period of time, where, as a charge-transporting material, it is required to have properties that can not easily 
cause deterioration, in particular, oxidation deterioration caused by ozone, active oxygen or the like when the electro- 
photographic photosensitive member is charged electrostatically. 

[0016] However, while the high-molecular weight charge-transporting material disclosed in the above publication 
15 (W099/32537) has high mechanical strength, it has tended to cause the oxidation deterioration to make properties 
■ vary in repeated use in some cases. 

SUMMARY OF THE INVENTION 

20 [001 7^ Accordingly, an object of the present invention is to provide an electrophotographic photosensitive member 
having high mechanical strength and also having stable properties in repeated use. More specifically, what is aimed 
is to achieve longer lifetime as the electrophotographic photosensitive member and attain stable properties even in 
repeated use, by incorporating in the photosensitive layer of the electrophotographic photosensitive member a high- 
molecular weight charge-transporting material which can not easily cause any deterioration even in use over a long 

25 period of time and has high stability in electrophotographic performance. 

[001 8] Another object of the present invention is to provide a process cartridge and an electrophotographic apparatus 
which have such an electrophotographic photosensitive member 

[0019] As a result of extensive studies to solve the above problems, the present inventors have accomplished the 
present invention. 

30 [0020] That Is. the present invention provides an electrophotographic photosensitive member comprising a support 
and provided thereon a photosensitive layer, wherein; 

the photosensitive layer contains a high-molecular weight charge-transporting material having a repeating stmc- 
tural unit represented by the following formula (1 ); and 

the high-molecular weight charge-transporting material has: 

35 

a weight-average molecular weight Mw of 1 ,500 or more; and 

an energy level of highest occupied molecular orbital, Ehomo* from -8.3 eV or more to -8.0 eV or less as found 
by semiempirlcal molecular-orbital calculation. 

40 



45 




(1) 



[0021] In the fonnula (1), Ar"*^ represents a substituted or unsubstituted. monovalent aromatic ring group or a sub- 
stituted or unsubstituted monovalent heterocyclic ring group. Ar''^ represents a divalent group having a structure se- 
50 lected from the group consisting of structures represented by the following formulas (2), (2)' and (2)". 
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[0022] In the formula (2), Ar^^ and Ar^s each independently represent a substituted or unsubstituted trivalent aromatic 
ring group or a substituted or unsubstituted trivalent heterocyclic ring group. A^"* and each independently represent 
a single bond, or a Group 1 4 element having a hydrogen atom, a substituted or unsubstituted alkyi group, a substituted 
or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an electron-attracting group, or a Group 15 
element having a hydrogen atom, a substituted or unsubstituted alkyI group, a substituted or unsubstituted aryl group 
or an electron-attracting group, or a Group 1 6 element. Letter symbol c represents 0 or 1 and, when cIs 0, it represents 
that Ar^'' and Ar^ stand combined directly. 

[0023] In the formula (2)', Ar^^' and Ar^^' each Independently represent a substituted or unsubstituted divalent aro- 
matic ring group or a substituted or unsubstituted divalent heterocyclic ring group. A^^' represents a Group 14 element 
having a hydrogen atom, a substituted or unsubstituted alkyI group, a substituted or unsubstituted aryl group, a sub- 
stituted or unsubstituted alkoxyl group or an electron-attracting group, or a Group 1 5 element having a hydrogen atom, 
a substituted or unsubstituted alkyI group, a substituted or unsubstituted aryl group or an electron -attracting group, or 
a Group 16 element. Letter symbol c' represents 0 or 1 and, when c' is 0, it represents that Ar^""' and Ar^' stand 
combined directly. 

[0024] In the formula (2)", Ar^^" represents a substituted or unsubstituted divalent aromatic ring group or a substituted 
or unsubstituted divalent heterocyclic ring group. Letter symbol c" represents an integer of 1 or more, provided that, 
when c" is two or more, the two or more Ar2"i"'s may be the same or different. 

[0025] The present invention also provides a process cartridge and an electrophotographic apparatus which have 
the above electrophotographic photosensitive member 

BRIEF DESCRIPTION OF THE DRAWING 



[0026] 



50 



Figure schematically illustrates an example of the construction of ah electrophotographic apparatus having the 
electrophotographic photosensitive member of the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



55 [0027] The electrophotographic photosensitive member of the present Invention comprises a support and provided 
thereon a photosensitive layer, and the photosensitive layer contains a high-molecular weight charge-transporting 
material having a repeating structural unit represented by the above formula (1). 

[0028] The high-molecular weight charge-transporting material has a weight-average molecular weight (Mw) of 1 ,500 
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or more, and an energy level of highest occupied molecular orbital, of fronn -8.3 eV or more to -8.0 eV or less (i.e., from 
-8.3 eV to -8.0 eV) as found by semiempirical molecular-orbital calculation. 

[0029] In the present invention, as defined above, the energy level of highest occupied molecular orbital, Ehomo> 

found by semiempirical moiecular-ortDital calculation. 
s [0030] In the present invention, the "semiempirical molecular-ortDltal calculation" is meant to be "structure optimization 

calculation making use of semiempirical molecular-orbital calculation made using PM3 parameter". 

[0031] In the molecular-orbital method, a wave function used in the Schroedinger's equation is approximated by the. 

Slater type matricial equation or Gauss type matricial equation consisting of a molecular orbital expressed as a linear 

cornbination of atomic orbitals, and the molecular orbital constituting the wave function is found by the use of approx- 
10 imation of field, whereby various physical quantities can be calculated as the wave function or as expected values of 

the wave function. 

[0032] It is the semiempirical molecular-orbital method that, when the molecular orbital is found by the approximation 
of field, in respect of the calculation of function that takes a time, the time for calculation is shortened by making 
approximation by the use of parameter making use of various experimental values. 
15 [0033] In the calculation made in the present invention, the number of atoms to be calculated is large because the 
object on which the calculation is to be made is a high-molecular weight material, and hence the semiempirical mo- 
lecular-orbital method is employed, by which the time for calculation can be shortened. A PM3 parameter set is used 
as semiempirical parameter, and the calculation is made using a semiempirical molecular-orbital calculation program 
MOPAC. 

20 [0034] In this way, the energy level of highest occupied molecular oriDital (Ehomo) of the high-molecular weight 
charge-transporting material is found by the semiempirical molecular-orbital calculation program. 
[0035] In the high-molecular weight charge-transporting material according to the present invention, the monovalent 
aromatic ring group represented by Ar''"' in the above formula (1) may include a phenyl group and a naphthyl group; 
and the monovalent heterocyclic ring group may include a pyridyl group, a bipyridyl group, a tripyridyl group, a furanyl 

25 group, a thiophenyl group, a benzofuranyl group, a benzothiophenyl group, a dibenzofuranyl group and a dibenzothi- 
ophenyl group. 

[0036] Of these, as the aromatic ring group, a phenyl group is preferred, and as the heterocyclic ring group, a pyridyl 
group, a benzofuranyl group, a benzothiophenyl group, a dibenzofuranyl group and a dibenzothiophenyl group are 
preferred. 

30 [0037] The substituent the substituted aromatic ringgroup and heterocyclic ring group of these may have, may include 
a hydrogen atom, an alkyi group having 1 to 8 carbon atoms, an aryl group having 6 to 12 carbon atoms, an alkoxyl 
group having 1 to 8 cartDon atoms, an aryl ether group, an aryl thioether group, a N-(aikyl)2 group, a N-(aryl)2 group, 
a halogen atom, a fluoroalkyi group, a fluoroaryl group, a cyano group and a nitro group. Of these, a hydrogen atom, 
a methyl group, an ethyl group, a propyl group, a phenyl group, a methoxyl group, an ethoxyl group, a fluorine atom, 

35 a chlorine atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group are preferred. 

[0038] The trivalent aromatic ring group represented by Ar^^ and Ar^s in the above formula (2) may include a phenyl 
group and a naphthyl group; and the trivalent heterocyclic ring group may include a pyridyl group. Of these, a phenyl 
group is preferred. 

[0039] The substituent the substituted aromatic ring group and heterocyclic ring group of these may have may include 
40 a hydrogen atom, an alkyI group having 1 to 8 cariDon atoms, an aryl group having 6 to 12 carbon atoms, an alkoxyl 
group having 1 to 8 carbon atoms, a halogen atom, a fluoroalkyi group, a fluoroaryl group, a cyano group and a nitro 
group. Of these, a hydrogen atom, a methyl group, an ethyl group, a propyl group, a phenyl group, a methoxyl group, 
an ethoxyl group, a fluorine atom, a chlorine atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group 
are preferred. 

45 [0040] The Group 14 element represented by Ar^i and Ar22 in the above formula (2) may include carbon, silicon, 
germanium and tin. Of these, carbon and silicon are preferred. 

[0041] . Of the substituents this Group 14 element has, the alkyI group may include a methyl group, an ethyl group 
and a propyl group, the aryl group may include a phenyl group and a naphthyl group, the alkoxyl group may include a 
methoxyl group and an ethoxyl group, and the electron-attracting group may include a fluorine atom, a trifluoromethyl 
50 group and a fluorophenyl group. Of these, a methyl group, an ethyl group, a phenyl group, a fluorine atom and a 
trifluoromethyl group are preferred. 

[0042] The substituent the substituted alkyI group, aryl group and alkoxyl group of these may have may include a 
methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, a 
methyl group, a phenyl, group and a fluorine atom are preferred, 
55 [0043] The Group 1 5 element represented by Ar^i and Ar^^ in the above fomnula (2) may include nitrogen and phos- 
phorus. Of these, nitrogen is preferred. 

[0044] Of the substituents this Group 15 element has, the alkyI group may include a methyl group, an ethyl group 
and a propyl group, the aryl group may include a phenyl group and a naphthyl group^ and the electron -attracting group 
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may include a trifluoromethyl group and a fluorophenyl group. Of these, a methyl group, an ethyl group, a phenyl group 
and a trifluoromethyl group are preferred. 

[0045] The substituent the substituted alkyi group, aryl group and alkoxyl group of these may have may include a 
methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, a 
5 methyl group and a phenyl group are preferred. 

[0046] The Group 16 element represented by ArS** and Ar22 jn the above formula (2) may include oxygen, sulfur, 
selenium and tellurium. Of these, oxygen and sulfur are preferred. 

[0047] The divalent aromatic ring group represented by Ar^""' and Ar^^' in the above formula (2)' may include a phenyl 
group and a naphthyl group; and the divalent heterocyclic ring group may include a pyridyl group. Of these, a phenyl 
10 group is preferred. 

[0048] The substituent the substituted aromatic ring group and heterocyclic ring group of these may have may include 
a hydrogen atom, an alkyI group having 1 to 8 carbon atoms, an aryl group having 6 to 12 carbon atoms, an alkoxyl 
group having 1 to 8 carbon atoms, a halogen atom, a fluoroalkyi group, a fluoroaryl group, a cyano group and a nitro 
group. Of these, a hydrogen atom, a methyl group, an ethyl group, a propyl group, a phenyl group, a methoxyl group, 
15 an ethoxyl group, a fluorine atom, a chlorine atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group 
are preferred. 

[0049] The Group 1 4 element represented by Ar2i' in the above fonnula (2) may include cariDon, silicon, germanium 
and tin. Of these, carbon and silicon are preferred. 

[0050] Of the substituents this Group 14 element has, the alkyI group. may include a methyl group, an ethyl group 
20 and a propyl group, the aryl group may include a phenyl group and a naphthyl group, the alkoxyl group may include a 
methoxyl group and an ethoxyl group, and the electron -attracting group may include a fluorine atom, a trifluoromethyl 
group and a fluorophenyl group. Of these, a methyl group, an ethyl group, a phenyl group, a fluorine atom and a 
trifluoromethyl group are preferred. 

[0051] The substituent the substituted alkyI group, aryl group and alkoxyl group of these may have may include a 
25 methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, a 
methyl group and a phenyl group are preferred. 

[0052] The Group 15 element represented by Ar^""' in the above formula (2) may include nitrogen and phosphorus. 
Of these, nitrogen is preferred. 

[0053] Of the substituents this Group 15 element has, the alkyI group may include a methyl group, an ethyl group 
30 and a propyl group, the aryl group may include a phenyl group and a naphthyl group, and the electron-attracting group 
may include a trifluoromethyl group and a fluorophenyl group. Of these, a methyl group, an ethyl group, a phenyl group 
and a trifluoromethyl group are preferred. 

[0054] The substituent the substituted alkyI group, aryl group and alkoxyl group of these may have may include a 
methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, a 
35 methyl group and a phenyl group are preferred. 

[0055] The Group 16 element represented by Ar2i' and Ar22* in the above formula (2)* may include oxygen, sulfur, 
selenium and tellurium. Of these, oxygen and sulfur are preferred. 

[0056] The divalent aromatic ring group represented by Ar^^" in the above fonnula (2)" may include a phenyl group 
and a naphthyl group; and the divalent heterocyclic ring group may include a pyridyl group. Of these, a phenyl group 

40 and a pyridyl group are preferred. 

[0057] The substituent the substituted aromatic ring group and heterocyclic ring group of these may have may include 
a hydrogen atom, an alkyI group having 1 to 8 carbon atoms, an aryl group having 6 to 12 carbon atoms, an alkoxyl 
group having 1 to 8 carbon atoms, a halogen atom, a fluoroalkyi group, a fluoroaryl group, a cyano group and a nitro 
group. Of these, a hydrogen atom, a methyl group, an ethyl group, a propyl group, a phenyl group, a methoxyl group, 

45 an ethoxyl group, a fluorine atom, a chlorine atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group 
are preferred. 

[0058] The above high-molecular weight charge-transporting material may preferably have a repeating structural 
unit represented by the following formula (11). 

50 
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(1 1) 



[0059] In the above formula (11), B'^'^^'^ to R'l'*''^, each independently represent a hydrogen atom, a substituted or 
unsubstituted alkyl group, a substituted or unsubstituted aryl group, a substituted or unsubstltuted alkoxyl group or an 
electron-attracting group; provided that at least one of R^^^^ to R11"*3 is the electron-attracting group. 
[0060] The alkyl group represented by R'^^O'' to Ri'ii^ in the above formula (1 1 ) may include a methyl group, an ethyl 
group and a propyl group, the aryl group may include a phenyl group and a naphthyl group, the alkoxyl group may 
include a methoxyl group and an ethoxyl group, and the electron -attracting group may include a fluorine atom, a chlorine 
atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group. Of these, a methyl group, an ethyl.group, a 
phenyl group, a methoxyl group and, as the electron-attracting group, a fluorine atom, a trifluoromethyl group and a 
fluorophenyl group are preferred. 

[0061] The substituent the substituted alkyl group, aryl group and alkoxyl group of these may have may include a 
methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, a 
methyl group and a phenyl group are preferred. 

[0062] The high-molecular weight charge-transporting material having the repeating structural unit represented by 
the above fonnula (11) may more preferably also have a repeating structural unit represented by the following formula. 



[0063] In the above formula (12), R1201 to Ri2i3 each independently represent a hydrogen atom, a substituted or 
unsubstituted alkyl group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an 
electron-attracting group; provided that a case or cases in which the units represented by the formulas (11 ) and (12) 
have the same structure is/are excluded. 

[0064] The alkyl group represented by R'l^oi to R''2i3 jp the above formula (12) may include a methyl group, an ethyl 
group and a propyl group, the aryl group may include a phenyl group and a naphthyl group, the alkoxyl group may 
include a methoxyl group and an ethoxyl group, and the electron -attracting group may include a fluorine atom, a chlorine 
atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group. Of these, a methyl group, an ethyl group, a 
phenyl group, a methoxyl group and, as the electron-attracting group, a fluorine atom, a trifluoromethyl group and a 
fluorophenyl group are preferred. 

[0065] The substituent the substituted alkyl group, aryl grobp and alkoxyl group of these may have may include a 
methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, a 
methyl group and a phenyl group are preferred. 

[0066] The above high-molecular weight charge-transporting material may also preferably have a repeating structural 
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unit represented by the following fonmula (21). 
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[0O67^ In the above fomnula (21). R2101 to R2113 each independently represent a hydrogen atom, a substituted or 
unsubstltuted alkyi group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an 
electron -attracting group, A^^O"* represents a Group 1 4 element having a hydrogen atom, a substituted or unsubstituted 
alkyI group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an electron- 
attracting group, or a Group 16 element. 

[0068] The alkyI group represented by R210"< to R2113 in the above formula (21) may include a methyl group, an ethyl 
group and a propyl group, the aryl group may include a phenyl group and a naphthyl group, the alkoxyl group may 
include a methoxyl group and an ethoxyl group, and the electron -attracting group may include a fluorine atom, a chlorine 
atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group. Of these, a methyl group, an ethyl group, a 
phenyl group, a methoxyl group, a fluorine atom and a trifluoromethyl group are preferred. 

[0069] The substituent the substituted alky I group, aryl group and alkoxyl group of these may have may include a 
methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, a 
methyl group and a phenyl group are preferred. 

[0070] The Group 14 element represented by A^toi in the above formula (21 ) may Include carbon, silicon, germanium 

and tin. Of these, carbon and silicon are preferred. 

[0071] Of the substituents this Group 14 element has, the alkyI group may include a methyl group, an ethyl group 
and a propyl group, the aryl group may include a phenyl group and a naphthyl group, the alkoxyl group may include a 
methoxyl group and an ethoxyl group, and the electron-attracting group may. include a fluorine atom, a trifluoromethyl 
group and a fluorophenyl group. Of these, a methyl group, an ethyl group, a phenyl group, a fluorine atom and a 
trifluoromethyl. group are preferred. 

[0072] The substituent the substituted alkyI group, aryl group and alkoxyl group of these may have may include a 
methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, a 
methyl group and a phenyl group are preferred. 

[0073] The Group 16 element represented by A2101 in the above fonnula (21) may include oxygen, sulfur, selenium 
and tellurium. Of these, oxygen and sulfur are preferred. 

[0074] The above high-molecular weight charge-transporting material may also preferably have a repeating structural 
unit represented by the following formula (22). 
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[0075] In the above formula (22), R2201 iq R22n each independently represent a hydrogen atom, a substituted or 
unsubstituted alkyi group, a substituted or unsubstttuted aryl group, a substituted or unsubstituted alkoxyl group or an 
electron -attracting group. A2201 represents a Group 1 4 element having a hydrogen atom, a substituted or unsubstituted 
alky! group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an electron- 

5 attracting group, or a Group 16 element. 

[0076] The alkyI group represented by R2201 to R2211 in the above formula (22) may include a methyl group, an ethyl 
group and a propyl group, the aryl group may include a phenyl group and a naphthyl group, the alkoxyl group may 
include a methoxyl group and an ethoxyl group, and the electron -attracting group may include a fluorine atom, a chlorine 
atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group. Of these, a methyl group, an ethyl group, a 

10 phenyl group, a methoxyl group, a fluorine atom and a trifluoromethyl group are preferred. 

[0077] . The substituent the substituted alkyI group, aryl group and alkoxyl group of these may have may include a 
methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, a 
methyl group and a phenyl group are preferred. 

[0078] The Group 1 4 element represented by A2201 jp the above fomnula (22) may include cartDon, silicon, germanium 

15 and tin. Of these, carbon and silicon. are preferred. 

[0079] Of the substituents this Group 14 element has, the alkyI group may include a methyl group, an ethyl group 
and a propyl group, the aryl group may include a phenyl group and a naphthyl group, the alkoxyl group may include a 
methoxyl group and an ethoxyl group, and the electron -attracting group may include a fluorine atom, a trifluoromethyl 
group and a fluorophenyl group. Of these, a methyl group, an ethyl group, a phenyl group, a fluorine atom and a 

20 trifluoromethyl group are preferred. 

[0080] The substituent the substituted alkyI group, aryl group and alkoxyl group of these may have may include a 
methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, a 
methyl group and a phenyl group are preferred. 

[0081] The Group 16 element represented by A2201 jp the above fomnula (22) may include oxygen, sulfur, selenium 
25 and tellurium. Of these, oxygen and sulfur are preferred. 

[0082] In addition, the high-molecular weight charge-transporting material having at least one of the repeating struc- 
tural unit represented by the above formula (21 ) and the repeating structural unit represented by the above formula 
(22) may more preferably also have a repeating structural unit represented by the following formula (23). 



30 




(2 3) 



[0083] In the above formula (23), R230i to R2313 each independently represent a hydrogen atom, a substituted or 
unsubstituted alkyI group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an 
electron-attracting group; provided that, when the above high-molecular weight charge-transporting material also has 
the unit represented by the formula (12), a case or cases in which the units represented by the formulas (12) and (23) 
have the same structure is/are excluded. 

[0084] The alkyI group represented by r230i to r2313 jn the above formula (23) may include a methyl group, an ethyl 
group and a propyl group, the aryl group may include a phenyl group and a naphthyl group, the alkoxyl group may 
include a methoxyl group and an ethoxyl group, and the electron -attracting group may include a fluorine atom, a chlorine 
atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group. Of these, a methyl group, an ethyl group, a 
phenyl group, a methoxyl group, a fluorine atom and a trifluoromethyl group are preferred, 

[0085] The substituent the substituted alkyl group, aryl group and alkoxyl group of these may have may Include a 
methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, a 
methyl group and a phenyl group are prefen'ed. 

[0086] The above high-molecular weight charge-transporting material may also preferably have a repeating structural 
unit represented by the following fonmula (31). 
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[0087] In the above formula (31), r310i to R^ios ^ach independently represent a hydrogen atom, a substituted or 
15 unsubstituted alkyi group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an 
electron-attracting group. Z^'ioi represents a substituted or unsubstituted divalent heterocyclic ring group. Letter synnbol 
d represents an integer of 1 or nnore, provided that, when d is two or more, the two or more Z^^oi'g may be the same 
or different. 

[0088] The alkyI group represented by R^^oi to R^^os ^^e above formula (31 ) may include a methyl group, an ethyl 
20 group and a propyl group, the aryl group may Include a phenyl group and a naphthyl group, the alkoxyl group may 

include a methoxyl group and an ethoxyl group; and the electron -attracting group may include a fluorine atom , a chlorine 

atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group. Of these, a methyl group, an ethyl group, a 
■ phenyl group, a methoxyl group, a fluorine atom and a trifluoromethyl group are preferred. 

[0089] The substituent the substituted alkyt group, aryl group and alkoxyl group of these may have may include a 
25 methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, a 

methyl group and a phenyl group are prefen^ed. 

[0090] The divalent heterocyclic ring group represented by Z^io^ in the above formula (31) may include a pyridyl 
group, a dibenzofuranyl group and a dibenzothlophenyl group. Of these, a pyridyl group is preferred. 
[0091] The substituent the substituted heterocyclic ring group of these may have may include a hydrogen atom, a 
30 methyl group, an ethyl group, a propyl group, a phenyl group, a methoxyl group, an ethoxyl group, a fluorine atom, a 
chlorine atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group. Of these, a hydrogen atom, a methyl 
group, an ethyl group and a trifluoromethyl group are preferred. 

[0092] In addition, the high-molecular weight charge-transporting material having the repeating structural unit rep- 
resented by the above formula (31) may more preferably also have a repeating structural unit represented by the 
35 following fonnula (32). 
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[0093] In the above formula (32), r320i xo r3213 each independently represent a hydrogen atom, a substituted or 
unsubstituted alkyl group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an 
electron-attracting group; provided that, when the above high-molecular weight charge-transporting material also has 
the unit represented by the formuja (12), a case or cases in which the units represented by the formulas (12) and (32) 
have the same structure is/are excluded, and when the above high-molecular weight charge-transporting material also 
has the unit represented by the fonnula (23), a case or cases in which the units represented by the formulas (23) and 
(32) have the same structure is/are excluded. 

[0094] The alkyl group represented by R320i xo r3213 m the above formula (32) may include a methyl group, an ethyl 
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group and a propyl group, the aryl group may Include a phenyl group and a naphthyl group, the alkoxyl group may 
include a methoxyl group and an ethoxyl group, and the electron-attracting group may include a fluorine atom, a chlorine 
atom, a bromine atom, a tritluoromethyl group and a fluorophenyl group. Of these, a methyl group, an ethyl group, a 
phenyl group, a methoxyl group, a fluorine atom and a trif luoromethyl group are preferred. 
s [0095] The substltuent the substituted alky! group, aryl group and alkoxyl group of these may have may Include a 
methyl group, an elhyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, a 
methyl group and a phenyl group are preferred. 

[0096] The above high-molecular weight charge-transporting material may also preferably have a repeating structural 
unit represented by the following formula (41). 

10 



IS 



20 




(4 1) 



25 [0097] In the above formula (41 ) , z^^^"" represents a substituted or unsubstituted monovalent heterocyclic ring group. 
R4106 tQ R4113 each independently represent a hydrogen atom, a substituted or unsubstituted alkyi group, a substituted 
or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an electron-attracting group. 
[0098] The monovalent heterocyclic ring group represented by 7^^^^ in the above formula (41 ) may include a pyridyl 
group, a bipyridyl group, atripyridylgroup, afuranyl group, athiophenyl group, abenzofuranyl group,abenzothiophenyl 

30 group, a dibenzofuranyi group and a dibenzothiophenyl group. Of these, a pyridyl group, a benzofuranyl group, a 
benzothiophenyl group, a dibenzofuranyi group and a dibenzothiophenyl group are preferred. 

[0099] The substltuent the substituted heterocyclic ring group of these may have may include a hydrogen atom, a 
methyl group, an ethyl group, a propyl group, a phenyl group, a methoxyl group, an ethoxyl group, a fluorine atom, a 
chlorine atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group. Of these, a hydrogen atom, a methyl 

55 group, an ethyl group and a trifluoromethyl group are preferred. 

[0100] ThealkyI group represented by R'^'^o^to R^^''^^ in the above fonnula (41) may include a methyl group, an ethyl 
group and a propyl group, the aryl group may include a phenyl group and a naphthyl group, the alkoxyl group may 
include a methoxyl group and an ethoxyl group, and the electron -attracting group may include a fluorine atom, a chlorine 
atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group. Of these, a methyl group, an ethyl group, a 

^ phenyl group, a methoxyl group, a fluorine atom and a trifluoromethyl group are preferred. 

[0101] The substltuent the substituted alkyI group, aryl group and alkoxyl group of these may have may include a 
methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, a 
methyl group and a phenyl group are preferred. 

[0102] In addition, the high-molecular weight charge-transporting material having the repeating structural unit rep- 
^ resented by the above formula (41) may more preferably also have a repeating structural unit represented by the 
following formula (42). 
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[0103] In the above formula (42), to R^213 each independently represent a hydrogen atom, a substituted or 

unsubstituted alkyi group, a substituted or unsubstituted aryi group, a substituted or unsubstituted alkoxyl group or an 
electron-attracting group; provided that, when the above high-molecular weight charge-transporting material also has 
the unit represented by the fomnula (12), a case or cases in which the units represented by the formulas (1 2) and (42) 
have the same structure is/are excluded, when the above high-molecular weight charge-transporting material also has 
the unit represented by the fomfiula (23), a case or cases in which the units represented by the fomiulas (23) and (42) 
have the same structure is/are excluded, and when the above high -molecular weight charge-transporting material also 
has the unit represented by the fomnula (32). a case or cases in which the units represented by the formulas (32) and 
(42) have the same structure is/are excluded. 

[01 04] The alky! group represented by R4^201 to R4^2i3 jn the above formula (42) may include a methyl group, an ethyl 
group and a propyl group, the aryl group may include a phenyl group and a naphthyl group, the alkoxyl group may 
include a methoxyl group and an ethoxyl group, and the electron -attracting group may include a fluorine atom, a chlorine 
atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group. Of these, a methyl group, an ethyl group, a 
phenyl group, a methoxyl group, a fluorine atom and a trifluoromethyl group are preferred. 

[0105] The substituent the substituted alkyl group, aryl group and alkoxyl group of these may have may include a 
methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and. a trifluoromethyl group. Of these, a 
methyl group and a phenyl group are preferred. 

[01 06] The above high-molecular weight charge-transporting material may also preferably have a repeating structural 
unit represented by the following formula (51 ). 
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[0107] In the above fomnula (51), Ar^''^'' represents an aromatic ring group substituted with at least one electron- 
attracting group, or a substituted or unsubstituted heterocyclic ring group. R^'*^'' to R5106 ©gch Independently represent 
a hydrogen atom, a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group, a substituted 
or unsubstituted alkoxyl group or an electron -attracting group. R5i03 and R5i05 may combine through a chemical spe- 
cies having at least one atom, to fonn a ring structure. A^ioi represents a Group 14 element having a hydrogen atom, 
a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group, a substituted or unsubstituted 
alkoxyl group or an electron-attracting group, or a Group 15 element having a hydrogen atom, a substituted or unsub- 
stituted alkyl group, a substituted or unsubstituted aryl group or an electron -attracting group, or a Group 16 element. 
[0108] The aromatic ring group represented by Ar^ioi in the above formula (51) may include a phenyl group and a 
naphthyl group; and the heterocyclic ring group may include a pyridyl group, a bipyridyl group, a tripyridyl group, a 
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furanyl group, a thiophenyl group, a benzofuranyl group, a benzothiophenyl group, a dibenzofuranyl group and a diben- 
zothiophenyl group. Of these, as the aromatic ring group, a phenyl group is preferred, and as the heterocyclic ring 
group, a pyridyl group, a benzofuranyl group, a benzothiophenyl group, a dibenzofuranyl group and a dibenzothiophenyl 
group are preferred. 

5 [0109] The electron-attracting group the aromatic ring group has at least one may include a halogen atom, a fluor- 
oalkyl group, a fluoroaryl group, a cyano group and a nilro group/Of these, a fluorine atom, a chlorine atom, a bromine 
atom, a trifluoromelhyl group and a fluorophenyl group are preferred. 

[01 1 0] The substituent the substituted aromatic ring group and heterocycfic ring group of these may have other than 
the electron-attracting group may include a hydrogen atom, an alkyl group having 1 to 8 carbon atoms, an aryl group 
'fo having 6 to 12 carbon atoms, an alkoxyl group having 1 to 8 carbon atoms, an aryl ether group, an aryl thioether group, 
a N-(alkyl)2 group and a N-(aryl)2 group. Of these, a hydrogen atom, a methyl group, an ethyl group, a propyl group, 
a phenyl group, a methoxyl group and an ethoxyl group are preferred. 

[0111] The alkyl group represented by r5101 r5106 jp t^e above formula (51 ) may include a methyl group, an ethyl 
group and a propyl group, the aryl group may include a phenyl group and a naphthyl group, the alkoxyl group may 
'5 include a methoxyl group and an ethoxyl group, and the electron -attracting group may include a fluorine atom, a chlorine 
atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group. Of these, a methyl group, an ethyl group, a 
phenyl group, a methoxyl group, a fluorine atom and a trifluoromethyl group are preferred. 

[0112] The substituent the substituted alkyl group, aryl group and alkoxyl group of these may have may include a 
methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, a 

20 methyl group and a phenyl group are preferred. 

[0113] In the case when R5103 rsios combine through a chemical species having at least one atom, to fomn a 
ring structure, the chemical species having at least one atom may include a substituted or unsubstituted Group 14 
element, a substituted or unsubstituted Group 15 element, a Group 16 element, a substituted or unsubstituted alkylene 
group and a substituted or unsubstituted alkylidene group. Of these, a substituted or unsubstituted alkylene group and 

25 a substituted or unsubstituted alkylidene group are preferred. The substituent the substituted alkylene group and alkyli- 
dene group of these may have may include a methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine 
atom and a trifluoromethyl group. Of these, a methyl group and a phenyl group are. preferred. 

[01 1 4] The Group 1 4 element represented by A^^^^ in the above formula {51 ) may include carbon, silicon, germanium 

and tin. Of these, carbon and silicon are preferred. 
30 . [0115] Of the subistituents this Group 14 element has, the alkyl group may include a methyl group, an ethyl group 

and a propyl group, the aryl group may include a phenyl group and a naphthyl group, the alkoxyl group may include a 

methoxyl group and an ethoxyl group, and the electron -attracting group may include a fluorine atom, a chlorine atom, 

a bromine atom, a trifluoromethyl group and a fluorophenyl group. Of these, a methyl group, an ethyl group, a phenyl 

group, a methoxyl group, a fluorine atom and a trifluoromethyl group are preferred. 
35 [0116] The substituent the substituted alkyl group, aryl group and alkoxyl group of these may have may include a 

methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, a 

methyl group and a phenyl group are preferred. 

[01 17] The Group 1 5 element represented by A^^i^^ in the above formula (51) may include nitrogen and phosphorus. 
Of these, nitrogen is preferred. 

40 [0118] Of the substituents this Group 15 element has, the alkyl group may include a methyl group, an ethyl group 
and a propyl group, the aryl group may include a phenyl group and a naphthyl group, and the electron-attracting group 
may include a fluorine atom, a chlorine atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group. Of 
these, a methyl group, an ethyl group, a phenyl group and a trifluoromethyl group are preferred. 
[0119] The substituent the substituted alkyl group, aryl group and alkoxyl group of these may have may include a 

45 methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, a 
methyl group and a phenyl group are preferred. 

[0120] The Group 16 element represented by A^'^oi in the above fonnula (51) may include oxygen, sulfur, selenium 
and tellurium. Of these, oxygen and sulfur are preferred. 

[0121] In addition, the high-molecular weight charge-transporting material having the repeating structural unit rep- 
50 resented by the above formula (51) may more preferably also have a repeating structural unit represented by the 
. following fomiula (52). 
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'5 [0122] In the above formula (52), Ar^soi represents a substituted or unsubstituted monovalent aromatic ring or a 
substituted or unsubstituted monovalent heterocyclic ring group. R520i to R5206 each Independently represent a hy- 
drogen atom, a substituted or unsubstituted alkyi group, a substituted or unsubstituted aryl group, a substituted or 
unsubstituted alkoxyl group or an electron-attracting group. R5203 and R5205 combine through a chemical species 
having at least one atom, to fomri a ring structure. A^^oi represents a Group 14 element having a hydrogen atom, a 

20 substituted or unsubstituted alkyI group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl 
group or an electron-attracting group, or a Group 15 element having a hydrogen atom, a substituted or unsubstituted 
alky) group, a substituted or unsubstituted aryl group or an electron-attracting group, or a Group 1 6 element; provided 
that a case or cases in which the units represented by the formulas (51) and (52) have the same structure is/are 
excluded. 

25 [0123] The aromatic ring group represented by Ar^^oi \^ ^^e above fomnula (52) may include a phenyl group and a 
naphthyl group; and the heterocyclic ring group may include a pyridyl group, a bipyridyl group, a tripyridyl group, a 
furanyl group, a thiophenyl group, a benzofuranyl group, a benzothiophenyl group, a dibenzofuranyl group and a diben- 
zothiophenyl group. Of these, as the aromatic ring group, a phenyl group is preferred, and as the heterocyclic ring 
group, a pyridyl group, a benzofuranyl group , a benzothiophenyl group, a dibenzofuranyl group and a dibenzothiophenyl 

30 group are preferred. 

[01 24] The substituent the substituted aromatic ring group and heterocyclic ring group of these may have may Include, 
a hydrogen atom, an alky! group having 1 to 8 carbon atoms, an aryl group having 6 to 12 carbon atoms, an alkoxyl 
group having 1 to 8 carbon atoms, a halogen atom, a fluoroalkyi group, a tluoroaryl group, a cyano group and a nitro 
group. Of these, a hydrogen atom, a methyl group, an ethyl group, a propyl group, a phenyl group, a methoxyl group, 
35 an ethoxyl group, a fluorine atom, a chlorine atom, a bromine atom, a trifluorom ethyl group and a fluorophenyl group 
are preferred. 

[0125] The alkyI group represented by R5201 p5206 jp ^^e above formula (52) may include a methyl group, an ethyl 
group and a propyl group, the aryl group may include a phenyl group and a naphthyl group, the alkoxyl group may 
include a methoxyl group and an ethoxyl group, and the electron -attracting group may include a fluorine atom, a chlorine 
40 atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group. Of these, a methyl group, an ethyl group, a 
phenyl group, a methoxyl group, a fluorine atom and a trifluoromethyl group are preferred. 

[0126] The substituent the substituted alkyI group, aryl group and alkoxyl group of these may have may include a 
methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, a 
methyl group and a phenyl group are preferred. 

45 [0127] In the case when R5203 and R5205 combine through a chemical species having at least one atom, to fomn a 
ring structure, the chemical species having at least one atom may include a substituted or unsubstituted Group 14 
element, a substituted or unsubstituted Group 15 element, a Group 1 6 element, a substituted or unsubstituted alkylene 
group and a substituted or unsubstituted alkylidene group. Of these, a substituted or unsubstituted alkylene group and 
a substituted or unsubstituted alkylidene group are preferred. The substituent the substituted alkylene group and alkylt- 

50 dene group of these may have may include a methyl group, an ethyl group, a propyl group, a phenyl group; a fluorine 
atom and a trifluoromethyl group. Of these, a methyl group and a phenyl group are preferred. 

[0128] The Group 1 4 element represented by A^^oi jp the above formula (52) may include carbon, silicon, germanium 
and tin. Of these, carbon and silicon are preferred. 

[0129] Of the substituents this Group 14 element has, the alkyI group may include a methyl group, an ethyl group 
55 and a propyl group^ the aryl group may include a phenyl group and a naphthyl group, the alkoxyl group may Include a 
methoxyl group and an ethoxyl group^ and the electron -attracting group may include a fluorine atom, a chlorine atom, 
a bromine atom, a trifluoromethyl group and a fluorophenyl group. Of these, a methyl group, an ethyl group, a phenyl 
group, a methoxyl group, a fluorine atom and a trifluoromethyl group are preferred. 
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[0130] The substituent the substituted alkyi group, aryi group and alkoxyl group of these may have may include a 
methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, a 
methyl group and a phenyl group are preferred. 

[0131] The Group 1 5 element represented by A^^oi jp ^^e above formula (52) may include nitrogen and phosphorus. 

5 Of these, nitrogen is preferred. 

[0132] Of the subsliluents this Group 15 element has, the alkyI group may include a methyl group, an ethyl group 
and a propyl group, the aryl group may include a phenyl group and a naphlhyl group, and the electron-attracting group 
may include a fluorine atom, a chlorine atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group. Of 
these, a methyl group, an ethyl group, a phenyl group and a trifluoromethyl group are preferred. 

10 [0133] The substituent the substituted alkyI group, aryl group and alkoxyl group of these may have may include a 
methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, a 
methyl group and a phenyl group are preferred. 

[0134] The Group 16 element represented by A^soi jp the above formula (52) may include oxygen, sulfur, selenium 
. and tellurium. Of these, oxygen and sulfur are preferred. 
15 [0135] In addition, the high-molecular weight charge-transporting material having the repeating structural unit rep- 
resented by the above formula (51) may more preferably also have a repeating structural unit represented by the 
following formula (53). 




(53) 



[0136] In the above fomnula (53), Ar^^oi represents a substituted or unsubstltuted monovalent aromatic ring or a 
35 substituted or unsubstituted monovalent heterocyclic ring group; provided that, when the above high-molecular weight 
charge-transporting material also has the unit represented by the forinula (31), a case or cases in which the units 
represented by the fonnuias (31) and (53) have the same structure is/are excluded, when the above high-molecular 
weight charge-transporting material also has the unit represented by the formula (41), a case or cases in which the 
units represented by the formulas (41) and (53) have the same stmcture is/are excluded, and when the above high- 
40 molecular weight charge-transporting material also has the unit represented by the formula (42), a case or cases in 
which the units represented by the formulas (42) and (53) have the same structure is/are excluded. 
[0137] The monovalent aromatic ring group represented by Ar^soi in the above formula (53) may include a phenyl 
group and a naphthyl group; and the monovalent heterocyclic ring group may include a pyridyl group, a bipyridyl group, 
a tripyridyl group, a furanyl group, a thiophenyl group, a benzofuranyl group, a benzothiophenyl group, a dibenzofuranyl 
45 group and a dibenzothiophenyl group. Of these, as the aromatic ring group, a phenyl group is preferred, and as the 
heterocyclic ring group, a pyridyl group, a benzofuranyl group, a benzothiophenyl group, a dibenzofuranyl group and 
a dibenzothiophenyl group are preferred. 

[01 38] In the above formula (53), Ar5302 represents a group selected from the group consisting of the following groups 
(i), (ii), (iii) and (iv). 

50 

(i) A group having structure represented by the following formula (54): 



55 
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In the above formula (54), R540i xq p5408 each independently represent a hydrogen atom, a substituted or 
unsubstKuted alkyi group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group 
or an electron-attracting group. represents a Group 14 element having a hydrogen atom, a substituted or 

unsubstituted alkyI group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group 
or an electron-attracting group, or a Group 16 element; provided that, when the above high-molecular weight 
charge-transporting material also has the unit represented by the fomriula (21), a case or cases in which the units 
represented by the formula (21) and the formula (53) in which Ar5302 represented by the formula (54) have the 
same structure is/are excluded. 

The alkyI group represented by R5401 to R5408 jp the above formula (54) may include a methyl group, an ethyl 
group and a propyl group, the aryl group may include a phenyl group and a naphthyl group, the alkoxyl group may 
include a methoxyl group and an ethoxyl group, and the electron-attracting group may include a fluorine atom, a 
chlorine atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group. Of these, a methyl group, an 
ethyl group, a phenyl group, a methoxyl group, a fluorine atom and a trifluoromethyl group are preferred. 

The substituent the substituted alkyI group, aryl group and alkoxyl group of these may have may include a 
methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, 
a methyl group and a phenyl group are preferred. 

The Group 14 element represented by A^'*^"' in the above formula (54) may include carbon, silicon, germanium 
and tin. Of these, carbon and silicon are preferred. 

Of the substituents this Group 14 element has, the alkyI group may include a methyl group, an ethyl group 
. and a propyl group, the aryl group may include a phenyl group and a naphthyl group, the alkoxyl group may include 
a methoxyl group and an ethoxyl group, and the electron-attracting group may include a fluorine atom, a chlorine 
atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group. Of these, a methyl group, an ethyl group, 
a phenyl group, a methoxyl group, a fluorine atom and a trifluoromethyl group are preferred. 

The substituent the substituted alkyI group, aryl group and alkoxyl group of these may have may Include a 
methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, 
a methyl group and a phenyl group are preferred. 

The Group 16 element represented by A^^oi jp the above formula (54) may include oxygen, sulfur, selenium 
and tellurium. Of these, oxygen and sulfur are preferred, 
(ii) A group having structure represented by the following fomriula (55): 



In the above formula (55), Rssoi to R5506 g^ch independently represent a hydrogen atom, a substituted or 
unsubstituted alkyI group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group 
or an electron-attracting group. A^^^"* represents a Group 14 element having a hydrogen atom, a substituted or 
unsubstituted alkyI group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group 
or an electron -attracting group, or a Group 15 element having a hydrogen atom, a substituted or unsubstituted 
alkyI group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an electron- 
attracting group, or a Group 1 6 element; provided that, when the above high-molecular weight charge-transporting 
material also has the unit represented by the fonmula (22), a case or cases in which the units represented by the 
fonnula (22) and the formula (53) in which Ar^^ is represented by the formula (55) have the same structure is/ 
are excluded. 

The alkyI group represented by Rssoi to rssos jp the above formula (55) may include a methyl group, an ethyl 
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group and a propyl group, the aryl group may include a phenyl group and a naphthyl group, the alkoxyi group may 
include a methoxyl group and an ethoxyl group, and the electron-attracting group may include a fluorine atom, a 
chlorine atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group. Of these, a methyl group, an 
ethyl group, a phenyl group, a methoxyl group, a fluorine atom and a trifluoromethyl group are preferred. 
5 The substituent the substituted alkyl group, aryl group and alkoxyi group of these may have may Include a 

methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, 
a methyl group and a phenyl group are preferred. 

The Group 1 4 element represented by A^^"" in the above formula (55) may include carbon, silicon, germanium 
and tin. Of these, carbon and silicon are preferred. 

Of the substituents this Group 14 element has, the alkyl group may include a methyl group, an ethyl group 
and a propyl group, the aryl group may include a phenyl group and a naphthyl group, the alkoxyi group may include 
a methoxyl group and an ethoxyl group, and the electron-attracting group may Include a fluorine atom, a chlorine 
atom, a bromine atom, a trifluoromethyl group and a fluorophenyl group. Of these, a methyl group, an ethyl group, 
a phenyl group, a methoxyl group, a fluorine atom and a trifluoromethyl group are prefened. 
'5 The substituent the substituted alkyl group, aryl group and alkoxyi group of these may have may Include a 

methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, 
a methyl group and a phenyl group are preferred. 

The Group 1 5 element represented by A^soi jp the above fomiula (55) may include nitrogen and phosphorus. 
Of these, nitrogen is preferred. 

20 Of the substituents this Group 15 element has, the alkyl group may include a methyl group, an ethyl group 

and a propyl group, the aryl group may include a phenyl group and a naphthyl group, and the electron-attracting 
group may include a fluorine atom, a chlorine atom, a bromine atom, a trifluoromethyl group and a fluorophenyl 
group. Of these, a methyl group, an ethyl group, a phenyl group and a trifluoromethyl group are preferred. 

The substituent the substituted alkyl group, aryl group and alkoxyi group of these may have may include a 
^5 methyl group, an ethyl group, a propyl group, a phenyl group, a fluorine atom and a trifluoromethyl group. Of these, 

a methyl group and a phenyl group are preferred. 

The Group 16 element represented by A^soi in the above formula (55) may include oxygen, sulfur, selenium 
and tellurium. Of these, oxygen and sulfur are preferred. 

(ill) A substituted or unsubstituted divalent aromatic ring group, or a polymer thereof. 
30 (iv) A substituted or unsubstituted divalent heterocyclic ring group, or a polymer thereof. 

[0139] Specific examples of the high-molecular weight charge-transporting material having the repeating structural 
unit represented by the above formula (11 ) are given below. 
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.[0140] Of these, (11-1), (11-2), (11-4), (11-5). (11-9), (11-10), (11-14), (11-15), (11-16), (11-17), (11-18), (11-19) and 
(11-20) are preferred. 

[0141] Specific examples of the high-molecular weight charge-transporting nr^aterial having the repeating structural 
unit represented by the above formula (11 ) and the repeating structural unit represented by the above formula (12) are 
given below. 



21 

: P 1 357436A2 J_> 



EP 1 357 436 A2 



5 



10 



15 



20 



25 



30 



35 



40 



45 



50 




(13-1) 



(13-2) 



(13-3) 



(13-4) 



(13-5) 



55 



BNSDOCID: <EP 1357436A2_L> 



EP 1 357 436 A2 




(13-6) 



(13-7) 



(13-8) 



(13-9) 



(13-10) 



23 

BNS[XX:iD: <EP 1357436A2_L> 



EP 1 357 436 A2 




24 



EP 1 357 436 A2 




(13-16) 



(13-17) 



(13-18) 



(13-19) 



(13-20) 



BNSDCXIID: <EP 1357438A2_L> 



EP 1 357 436 A2 



10 





(13-21) 



[0142] Of these. (13-1). (13-2), (13-9). (13-10). (13-11). (13-12). (13-13). (13-14), (13-19). (13-20) and (13-21) are 
preferred. 

15 .[0143] Specific examples of the high-molecular weight charge-transporting material having the repeating structural 
unit represented by the above formula (21) are given below. 
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55 [0144] Of these, (21-4), (21-7). (21-10), (21-12), (21-13), (21-15), (21-20), (21-30), (21-31), (21-32), (21-33), (21-34). 
(21-36), (21-37) and (21-38) are preferred. 

[0145] Specific examples of the high-molecular weight charge-transporting material having the repeating structural 
unit represented by the above fonnula (22) are given below. 



33 



BNSOOCID: <EP 13S7436A2J_> 



EP 1 357 436 A2 




(22-6) 



(22-7) 



(22-8) 



(22-9) 



(22-10) 



55 



BNSDOCID: <EP. 



.1357436A2_L> 



EP 1 357 436 A2 



5 



10 



15 



20 



25 



30 



35 



40 



45 



50 




(22-11) 



(22-12) 



(22-13) 



(22-14) 



(22-15) 



36 



BNSDOCIO: <EP 1357438A2J_> 



EP 1 357 436 A2 



5 



10 



15 



20 



25 



30 




(22-16) 



(22-17) 



(22-18) 



[0146] Of these, (22-2), (22-7), (22-9), (22-10), (22-11), (22-12), (22-14), (22-15), (22-16) and (22-17) are preferred. 
35 [0147] Specific examples of the high-molecular weight charge-transporting material having Ihe repeating structural 
unit represented by the above formula (21 ) and the repeating structural unit represented by the above f onnula (23) are 
given below. 
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[0148] Of these, (24-1), (24-2), (24-3), (24-6), (24-7), (24-8), (24-9), (24-11), (24-12), (24-13) and (24-14) are pre- 
ferred. 

[01 49] Specific examples of the high-molecular weight charge-transporting material having the repeating structural 
unit represented by the above formula (22) and the repeating structural unit represented by the above formula (23) are 
given below. 
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[0150] Of these. (25-2),. (25-3), (25-4), (25-5), (25-6), (25-7), (25-8). (25-10). (25-11). (25-12) and (25-13) are pre- 
ferred. 

[0151] Specific examples of the high-molecular weight charge-transporting material having the repeating structural 
unit represented by the above fomiula (31 ) are given below. 
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[0152] Of these. (31-1), (31-2), (31-5), (31-10), (31-11) and (31-12) are preferred. 

[0153] Specific examples of the high-molecular weight charge-transporting nnaterial having the repeating structural 
unit represented by the above formula (31 ) and the repeating structural unit represented by the above fonnula (32) are 
given below. 
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[0154] Of these, (33-1), (33-2), (33-3), (33-5) and (33-7) are preferred. 

[0155] Specific examples of the high-molecular weight charge-transporting material having the repeating structural 
unit represented by the above formula (41 ) are given below. 
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[0156] Of these, (41-1), (41-4), (41-6), (41-9) and (41-11) are preferred. 

[0157] Specific examples of the high-molecular weight charge-transporting material having the repeating structural 
unit represented by the above formula (41 ) and the repeating structural unit represented by the above formula (42) are 
55 given below. 
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[0158] Of these. (43-3), (43-4), (43-5), (43-8), (43-9), (43-10), (43-11), (43-12) and (43-13) are preferred. 

[0159] Specific examples of the high-molecular weight charge-transporting material having the repeating structural 

unit represented by the above fomnula (51 ) are given below. 
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[0160] Of these, (51-1). (51-2). (51-3), (51-8), (51-10), (51-15), (51-16), (51-17), (51-18), (51-27), (51-28), (51-29), 
(51-30), (51-35), (51-36), (51-37), (51-38), (51-39), (51-40), (51-41) and (51-42) are preferred. 

[0161] Specific examples of tlie high-molecular weight charge-transporting material having the repeating structural 
unit represented by the above formula (51 ) and the repeating structural unit represented by the above fomnula (52) are 
given below. 
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[0162] Of these, (56-1). (56-2). {56-3), (56-4), (56-9), (56-10), (56-11), (56-12), (56-25), (56-27), (56-28), (56-33), 
(56-35), (56-36). (56-38), (56-39), (56-40), (56-46), (56-47) and (56-48) are preferred. 

[0163] Specific examples of the high-molecular weight charge-transporting material having the repeating structural 
unit represented by the above formula (51 ) and the repeating structural unit represented by the above formula (53) are 
given below. 
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45 [0164] Of these, (57-1), (57-3), (57-6), (57-7), (57-8). (57-10), (57-12), (57-15), (57-16). (57-17), (57-19), (57-21), 
(57-26), (57-28). (57-30) and (57-35) are preferred. 

[0165] In the foregoing specific examples, n and m are each an integer of 1 or nnore. 

[0166] The high-molecular weight charge-transporting material having been described above can provide an elec- 
trophotographic photosensitive member having the intended high mechanical strength and also capable of stably ex- 

50 hibiting the intended performance of the electrophotographic photosensitive member even In its repeated use over a 
long periodof time when the high-molecular weight charge-transporting material satisfies the properties of i) the energy 
level of highest occupied molecular orbital, Ehomo- of from -8.3 eV or more to -8.0 eV or less as found by semiemplrical 
molecular-orbital calculation and ii) the weight-average molecular weight (Mw) of 1 ,500 or more. 
[0167] The energy level of highest occupied molecular orbital (Ehomo) high-molecular weight charge-trans- 

55 porting material can readily be found by the semiemplrical molecular-orbital calculation program according to the cal- 
culation method described previously. 

[0168] The numerical value of the energy level of highest occupied molecular orbital (Ehomo)' calculated by the 
molecuiar-orbltal method, is the value showing the chemical reactivity that is inherent in the subject material. 
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[0169] The high-molecular weight charge-transporting material used in the electrophotographic photosensitive mem- 
ber of the present invention has the specific repeating structural unit described above, and hence it comes to a structure 
wherein as the whole molecule the n conjugated system extends quasi (seemingly) on the phenyl group, in particular, 
the phenyl group constituting the backbone chain: via the unshaired electron pair on the nitrogen atom. 
5 [0170] Such a structure wherein the n conjugated system extends is commonly a structure having a high charge 
transportability (mobility). 

[0171] However, as an ill effect of the improvement in mobility, the energy level of highest occupied molecular orbital 

(E|_|OMo) comes high, and hence the material comes sensitive to chemical reaction, so that, for example, it tends to 
react with active chemical species such as ozone or active oxygen and NOx which are generated upon discharge at 
10 the time of charging, resulting In a deterioration of the electrophotographic photosensitive member and a lowering of 
the electrophotographic performance. 

[0172] Accordingly, in order to improve the running performance of the electrophotographic photosensitive member, 
and not to cause any lowering of performance even in repeated use, the energy level of highest occupied molecular 
orbital (Ehomo) the above high-molecular weight charge-transporting material having the specific repeating structural 

15 unit must be made lower than a certain value. 

[0173] It is better for the energy level of highest occupied molecular orbital (E^omo) ^® respect to any 

chemical denaturation (deterioration) of the high-molecular weight charge-transporting material. However, in order for 
the material to function as the charge-transporting material for the electrophotographic photosensitive member, it is 
important that the movement of electric charges takes place between the charge-generating material and the charge- 

20 transporting material. Any extremely low energy level of highest occupied molecular orbital (Ehomo) produces an en- 
ergy gap between the charge-generating material and the charge-transporting material to lower the performance of 
the electrophotographic photosensitive member Hence, the energy level of highest occupied molecular orbital (Ehomo) 
must appropriately be controlled. 

[0174] As long as the energy level of highest occupied molecular orbital (Ehomo) ^ound by seriniempirical molec- 
25 ular-orbltal calculation is within the range of from -8.3 eV or more to -8.0 eV or less, the electrophotographic photo- 
sensitive member can be improved in running performance and its electrophotographic perfonmance can be kept from 
lowering because of repeated use, without damaging good performance required as electrophotographic photosensi- 
tive members. 

[0175] The mechanism by which the potential variation evaluated in the present invention takes place has not been 
30 elucidated in detail, but can be presumed as follows: 

[0176] The potential variation in repeated use, evaluated as a lowering of performance of electrophotographic pho- 
. tosensitive members, is known to be caused by chemical denaturation due to ozone or active oxygen and NOx which 
are generated during the electrophotographic process, chiefly when the electrophotographic photosensitive nhembers 
are charged. 

35 [0177] In the above high-molecular weight charge-transporting material used in the electrophotographic photosen- 
sitive member of the present invention, having the specific repeating structural unit and having been made to have a 
low energy level of highest occupied molecular orbital (E^omo)' ^ superiority is cleariy seen in respect to the potential 
variation in repeated use, compared with any high-molecular weight charge-transporting materials not made to have 
a low energy level of highest occupied molecular orbital (Ehomo)- 

40 [0178] This shows that making low the energy level of highest occupied molecular orbital (E^omo) lowered the 
reactivity to chemical reaction and chemical denaturation and that the charge-transporting material can not easily be 
denatured and its performance can be exhibited over a long period of time. 

[0179] In order to achieve the improvement in mechanical strength of the electrophotographic photosensitive mem- 
ber, which is one object of the present invention, what is also important is thesize of molecular weight the high-molecular 
45 weight charge-transporting material having the specific repeating structural unit has. 

[0180] In order to achieve the improvement in mechanical strength of the electrophotographic photosensitive mem- 
ber, the high-molecular weight charge-transporting material having the specific repeating structural unit must have the 
weight-average molecular weight (Mw) of 1 .500 or more. 

[0181] On the other hand, the high-molecular weight charge-transporting material having the specific repeating struc- 
50 tural unit may preferably have a weight-average molecular weight (Mw) of 6,000 or less, and more preferably 4,000 or 

less. If the high-molecular weight charge-transporting material has a too large weight-average molecular weight (Mw), 
it may have a poor compatibility with the binder resin, and also its energy level of highest occupied molecular ortDital 
(Ehomo) "^^y ^® controlled to from -8.3 eV or more to -8.0 eV or less with difficulty. 

[0182] In order to achieve the improvement in mechanical strength of the electrophotographic photosensitive mem- 
55 ber, the number of repetition of the specific repeating structural unit (the number of the repeating structural units) may 
preferably be 6 or more as an average value. 

[0183] On the other hand, the number of repetition of the specific repeating structural unit may preferably be 20 or 
less. If it is more than 20, the high-molecular weight charge-transporting material may have a poor compatibility with 
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the binder resin, and also Its energy level of highest occupied molecular orbital (Ehomo) controlled to from -8.3 

eV or more to -8.0 eV or less with difficulty. 

[0184] The relationship between the enhancement in molecular weight and the mechanical strength has hot been 
elucidated in detail. It is presumed that, since there is commonly a correlation between the enhancement in molecular 
s weight and the glass transition point (Tg) and Tg Is seen to increase with an increase in molecular weight, the glass 
transition point (Tg) increases with an increase in molecular weight of the high-molecular weight charge-transporting 
material and consequently the improvement in mechanical strength has been achieved. 

[0185] On the other hand, although the mechanical strength becomes superior as the molecular weight is larger, the 
energy level of highest occupied molecular orbital in the molecular-orbital calculation described above becomes higher 
10 with an increase in the number of repetition of the repeating structural units, to cause chemical deterioration such as 
oxidation. Hence, it is important to determine the structure of molecules that achieves both the mechanical strength 
and the chemical stability. In this regard, the method of calculating the energy level of highest occupied molecular 
orbital by semiempirical molecular-orbital calculation is effective. 

[0186] In the high-molecular weight charge-transporting material having the structural unit represented by the above 
15. formula (11), (21), (22), (31), (41) or (51), its proportion of the structural unit represented by the above formula (11), 
(21), (22), (31), (41) or (51) to the whole structural units in the molecule of the high-molecular weight charge-transporting 
material may be set arbitrary as long as the energy level of highest occupied molecular orbital (Ehqmo) within the 
range of from -8.3 eV or more to -8:0 eV or less. 

[0187] In addition, as long as it Is within that range, the material can be so used as to be optimum from the viewpoints 
.20 of its solubility in solvents and Its compatibility with resins. 

[0188] In order to bring out a high charge transport function, it is also preferable for the high-molecular weight charge- 
transporting material to have molecular weight as large as possible. Accordingly, the molecular weight of the high- 
molecular weight charge-transporting material may preferably be as large as possible as long as the Ehqmo 
range satisfying "-8.3 eV or more to -8.0 eV or less". 

25 [0189] As to the high-molecular weight charge-transporting material having the repeating structural unit represented 
by the formula (11) and other repeating structural unit such as the repeating structural unit represented by the formula 
(12), the high-molecular weight charge-transporting material having the repeating structural unit represented by the 
formula (21) and other repeating structural unit such as the repeating stnjctural unit represented by the formula (23), 
the high-molecular weight charge-transporting material having the repeating stmctural unit represented by the formula 

30 (22) and other repeating structural unit such as the repeating structural unit represented by the fonnula (23), the high- 
molecular weight charge-transporting material having the repeating structural unit represented by the formula (31 ) and 
other repeating structural unit such as the repeating structural unit represented by the formula (32), the high-molecular 
weight charge-transporting material having the repeating structural unit represented by the formula (41) and other 
repeating structural unit such as the repeating structural unit represented by the fonnula (42) and the high-molecular 

35 weight charge-transporting material having the repeating structural unit represented by the formula (51) and other 
repeating structural unit such as the repeating structural unit represented by the formula (52) or the repeating structural 
unit represented by the formula (53), they are meant to be copolymers. 

[0190] The form of their copolymerization may be any of random copolymerization, block copolymerization and al- 
ternating copolymerization. Of these, the form of random copolymerization or alternating copolymerization is preferred 

40 because it does not cause any localization of electric changes in the molecule. 

[0191] In order to attain the effect of the present invention sufficiently, the high-molecular weight charge-transporting 
material used in the electrophotographic photosensitive member of the present invention may also preferably have the 
above specific repeating structural unit in the molecule in a proportion of 80% or more, and more preferably 90% or 
more, based on the total repeating structural units. 

"^5 [01 92] The electrophotographic photosensitive member of the present invention is constructed as described below. 
[0193] As the photosensitive layer the electrophotographic photosensitive member of the present invention has may 
have eitherform of a single-layer type photosensitive layer, which contains a charge-generating material and a charge- 
transporting material In the same layer, and a function-separated type (multi-layer type), which is functionally separated 
into a charge generation layer containing a charge-generating material and a charge transport layer containing a 

50 charge-transporting material. In view of electrophotographic performance, the function-separated type (multi-layer 
type) is preferred, and a function-separated type (multi-layer type) in which the charge generation layer and the charge 
transport layer have been superposed in this order from the support side is more preferred. In the following, what is 
expressed as the function-separated type (multi -layer type) is meant to be the one in which the charge generation layer 
and the charge transport layer have been superposed in this order from the support side. 

55 [01 94] . In the case of the function-separated type (multi-layer type) in which the photosensitive layer has the charge 
generation layer and the charge transport layer, the high-molecular weight charge-transporting material used in the 
electrophotographic photosensitive member of the present invention is used together with an insulating binder resin 
In at least the charge transport layer. 
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[0195] The support used in the electrophotographic photosensitive mennber of the present invention may be any of 
those having a conductivity, and may include, e.g., those obtained by molding metals such as aluminum, copper, 
chromium, nickel, zinc and stainless steel Into drums or sheets, those obtained by laminating metal foil of aluminum 
or copper to plastic films, and those obtained by vacuum-depositing aluminum, indium oxide ortin oxide on plastic films. 
5 [0196] Where image data are inputted through laser light as in LBPs (laser beam printers), a conducting layer may 
also be provided for the purpose of preventing interference fringes due to light scattering or covering any scratches of 
the support. This layer may be formed by coating a dispersion prepared by dispersing conductive particles such as 
carbon black and metal particles in a binder resin. 

[01 97] The conducting layer may preferably have a layer thickness of from 5 ^m to 40 |j.m, and more preferably from 
10 10M.mto30^m. 

[01 98] An intermediate layer having the function of bonding may also be provided on the support or conducting layer. 
[0199] As materials for the intennediate layer, they may include polyamide, polyvinyl alcohol, polyethylene oxide, 
ethyl cellulose, casein, polyurethane and polyether-urethane. Any of these may be dissolved in a suitable solvent, 
followed by coating to fomn the layer. 
15 [0200] The intermediate layer may preferably have a layer thickness of from 0.05 p.m to 5 pjn, and more preferably 
from 0:3 |im to 1 ^m. 

[0201] In the case of the function-separated type (multi-layer type) photosensitive layer, a charge generation layer 
is formed on the support, conducting layer or intennediate layer 

[0202] To fonn the charge generation layer, a charge-generating material may well be dispersed in a binder resin, 
20 which is used in a 0.3- to 4-fold quantity, together with a solvent by means of a homogenizer, an ultrasonic dispersion 
machine, a ball mill, a vibration ball mill, a sand mill, an attritor, a roll milt or a liquid-impact type high-speed dispersion 
machine, and the resulting dispersion is coated, followed by drying. 

[0203] The charge generation layer may preferably have a layer thickness of 5 fim or less, and particularly preferably 
from 0.1 p.m to 2 pm. 

25 [0204] As the charge-generating material, commonly known one may be used, including, e.g., pigments such as 
selenium-tellurium, pyrylium. metal phthalocyanihe, metal-free phthalocyanine, anthanthrone, dibenzopyrenequinone, 
trisazo, cyanine, disazo, monoazo, indigo and quinacridone. 

[0205] Any of these pigments may well be dispersed in a binder resin, which is used in a 0.3- to 4-fold quantity, 
together with a solvent by means of a homogenizer, an ultrasonic dispersion machine, a bail mill, a vibration ball mill, 
30 a sand mill, an attritor, a roll mill or a liquid-impact type high-speed dispersion machine to prepare a coating dispersion. 
In the case of the function-separated type (multi-layer type) photosensitive layer, this dispersion is coated, followed by 
drying to form the charge generation layer. 

[0206] In the case of the function-separated type (multi-layer type) photosensitive layer, a charge transport layer Is 
formed on the charge generation layer. 
35 [0207] To form the charge transport layer, the high-molecular weight charge-transporting material described above 
and an insulating binder resin are dissolved in a solvent to prepare a coating solution, and this solution is coated on 
the charge generation layer, followed by drying. 

[0208] In the coating solution, the high-molecular weight charge-transporting material and the binder resin may pref- 
erably be in a proportion (high-molecular weight charge-transporting material/binder resin) of from 1/10 to 12/10 in 
40 weight ratio, and more preferably from 2/1 0 to 1 0/1 0 from the viewpoint of charge transport performance of the elec- 
trophotographic photosensitive member or strength of the charge transport layer. 

[0209] As the binder resin, any resin may be used as long as it is a resin used usually in the photosensitive layer, 
(charge generation layer and charge transport layer). From the viewpoint of transmission properties and film-forming 
properties of the resin, and also from the viewpoint of resistance to wear in the case when the photosensitive layer 
45 (charge transport layer) is the surface layer of the electrophotographic photosensitive member, a polycarbonate resin 
or a polyarylate resin is preferable. 

[0210] It is preferable for the polycarbonate resin to have a viscosity-average molecular weight (Mv) of from 20,000 
to 80,000. 

[0211] Specific examples of the polycarbonate resin are shown below. 

50 
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[0212] It is preferable for the polyarylate resin to have a weight-average molecular weight (Mw) of from 50,000 to 
200,000, and more preferably from 80,000 to 150,000 in view of strength, productivity and so forth. 
[0213] Specific examples of the polyarylate resin are shown below. 
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[0214] In order to improve productivity and so forth, it is also possible to blend the polyarylate resin with other pol- 
yarylate resin or polycarbonate resin having different structure. In order to efficiently bring out the effect of blending, 
the both may preferably be blended in a proportion of from 5/95 to 95/5, and more preferably from 20/80 to 80/20. 
[0215] The binder resin such as the polycarbonate resin or polyarylate resin which is used in combination with the 
high-molecular weight charge-transporting material having the repeating structural unit represented by the above for- 
mula (1) may preferably have the same structure as the Ar^^ jp ^^e above formula (1). As having the same stmcture, 
a uniform photosensitive layer (charge transport layer) can be formed without causing any phase separation. 
[0216] To the charge transport layer, an antioxidant, a heat stabilizer, an ultraviolet absorber and a plasticizer may 
also optionally be added. 

[0217] In the case when the charge transport layer is the surface layer of the electrophotographic photosensitive 
member, a lubricant or fine particles may optionally be used. The lubricant or fine particles may include fine poly- 
tetrafluoroethylene particles, fine silica particles and fine alumina particles. 

[021 8] The charge transport layer may preferably have a layer thickness of from 5 jxm to 40 ^m, and more preferably 
from 15 (xm to 30 ^m. 

[0219] As the surface layer of the electrophotographic photosensitive member, a layer for protecting the photosen- 
sitive layer, i.e., a protective layer may additionally be provided on the photosensitive layer. 

[0220] As a resin used for the protective layer, a high-molecular weight thermoplastic resin or thermosetting resin, 
or light curable resin is preferable, and also a high-molecular weight polycarbonate resin, polyarylate resin, phenolic 
resin, acrylic resin or epoxy resin is more preferable. 

[0221] For the purpose of reducing residual potential or improving film strength, conductive particles or a lubricant 
may be incorporated in the protective layer 

[0222] As a method of fomiing the protective layer, a coating therefor may be cured by heat, light or electron rays, 
and may optionally contain a polymerization initiator or an antioxidant, 

[0223] In the steps of fomiing the respective layers of the electrophotographic photosensitive member, the solvent 
to be used may include chlorobenzene, tetrahydrofuran, 1 ,4-dioxane, toluene and xylene. Any of these may be used 

alone, or a plurality of solvents may be used in combination. 

[0224] As methods for the above coating, usually known methods may be used, such as dip coating, spray coating 
and bar coating. 

[0225] Fig. 1 schematically illustrates the construction of an electrophotographic apparatus having a process car- 
tridge having the electrophotographic photosensitive member of the present invention.. 

[0226] In Fig. 1 , reference numeral 1 denotes a drum type electrophotographic photosensitive member of the present 
invention, which is rotatingly driven around an axis 2 in the direction of an arrow at a stated peripheral speed. The 
electrophotographic photosensitive member 1 is, in the course of its rotation, uniformly electrostatically charged on its 
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periphery to a positive or negative, stated potential through a primary charging means 3. The electrophotographic 
photosensitive member thus charged is then exposed to exposure light 4 emitted from an exposure means (not shown) 
for slit exposure or laser beam scanning exposure. In this way, electrostatic latent images are successively formed on 
the periphery of the electrophotographic photosensitive member 1 . 

s [0227] The electrostatic latent Images thus fornied are subsequently developed by toner by the operation of a de- 
veloping means 5. The loner-developed images formed by development are then successively transferred by the op- 
eration of a transfer means 6, to the surface of a transfer medium 7 fed from a paper feed section (not shown) to the 
part between the electrophotographic photosensitive member 1 and the transfer means 6 in the manner synchronized 
with the rotation of the electrophotographic photosensitive member 1. 

10 [0228] The transfer medium 7 to which the images have been transferred is separated from the surface of the elec- 
trophotographic photosensitive member, is led through an image fixing means 8, where the images are fixed, and is 
then put out of the apparatus as a copied material (a copy). 

[0229] The surface of the electrophotographic photosensitive member 1 from which images have been transferred 
is brought to removal of the toner remaining after the transfer, through a cleaning means 9. Thus the electrophotographic 
15 photosensitive member Is cleaned on Its surface, further subjected to charge elimination by pre-exposure light 10 
emitted from a pre-exposure means (not shown), and then repeatedly used for the formation of images. When the 
primary charging means 3 is a contact charging means making use of a charging roller as shown in Fig. 1 , the pre- 
exposure is not necessarily required. 

[0230] In the present invention, the apparatus may be constituted of a combination of plural components integratty 
20 joined as a process cartridge from among the constituents such as the above electrophotographic photosensitive mem- 
ber 1 , primary charging means 3, developing means 5 and cleaning means 9 so that the process cartridge is detachably 
mountable to the body of the electrophotographic apparatus such as a copying machine or a laser beam printer For 
example, at least one of the primary charging means 3, the developing means 5 and the cleaning means 9 may integrally 
be supported in a cartridge together with the electrophotographic photosensitive member 1 to form a process cartridge 
25 11 that is detachably mountable to the body of the apparatus through a guide means such as rails 12 provided in the 
body of the apparatus. 

[0231] In the case when the electrophotographic apparatus is used as a copying machine or a printer, the light 4 of 
imagewise exposure is light reflected from, or transmitted through, an original, or light irradiated by the scanning of a 
laser beam, the driving of an LED array or the driving of a liquid crystal shutter array according to signals obtained by 
30 reading an original through a sensor and converting the information into signals. 

[0232] The electrophotographic photosensitive member of the present invention may be not only applied in electro- 
photographic copying machines, but also widely used in the fields where electrophotography is applied, e.g., laser 
beam printers, CRT printers, LED printers, liquid-crystal printers and laser platemaklng. 

[0233] The present invention is described below in greater detail by giving Examples. In the following Examples, 
35 "part(s)" refers to "part{s) by weight". 
[0234] Evaluation is described first. 

[0235] As described previously, the energy level of highest occupied molecular orbital (Ehqmo) found by structure 
optimization calculation making use of semiempirical molecular-orbital calculation made using PM3 parameter. 
[0236] The running performance and variation of characteristics in repeated use of electrophotographic photosen- 
^ sitlve members making use of high-molecular weight charge-transporting materials were evaluated using as an eval- 
uation machine a copying machine GP40 (manufactured by CANON INC.) (contact charging system) which was so 
remodeled that the amount of imagewise exposure came to 0.6 ^.J/cm2 as the amount of light on the electrophotographic 
photosensitive member surface. 

[0237] To evaluate the running performance in repeated use of electrophotographic photosensitive members, copies 
45 were taken on 20,000 sheets in an intermittent mode in which A4-size plain paper is once stopped being fed for each 
copying on one sheet, and thereafter the electrophotographic photosensitive member layer thickness was measured 
to examine the depth of wear 

[0238] Light-area potential (VI) was also measured before the evaluation of running performance (as light-area 
potential, shown in Tables) and after the 20,000-sheet copying, and a difference between them was evaluated as light- 
50 area potential variation, shown in Tables. 

[0239] The light-area potential (surface potential) of each electrophotographic photosensitive member was measured 
at the position of developing assembly, changing the developing assembly for a jig which was so fastened that its 
potential-measuring probe was set at a position of 1 80 mm from the upper end of the electrophotographic photosensitive 
member. 

55 [0240] In addition, sebum was made to adhere to the surfaces of fresh electrophotographic photosensitive members, 
which were then left for 72 hours, and whether or not any solvent cracking occurred was observed by microscopic 
observation (100 magnifications). Observation was made at 10 observation spots. A case in which no cracking was 
seen at the ail observation spots was evaluated as "A"; and a case in which it was seen at observation spots, as "C". 
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Examples 1-1 to 1-14. 2-i to 2-32, 3-1 to 3-9, 4-1 to 4-14 and 5-1 to 5-9 
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30 



[0241 ] Electrophotographic photosensitive members of the respective Examples were each produced I n the following 
way. 

[0242] On an aluminum cylinder of 357 mm in length and 30 mm in diameter, a coating dispersion composed of the 
following malerials was coated by dip coaling, followed by heal curing at 140°C for 30 minutes to form a conducting 
layer with a layer thickness of 15 fim. 



Conductive pigment: Sn02-coaled barium sulfate 

Resistance-modifying pigment: Titanium oxide 

Binder resin: Phenolic resin 

Leveling agent: Silicone oil 

Solvent: Methanol/methoxypropanol = 2/8 



10 parts 
2 parts 
6 parts 
0.001 part 

20 parts 



[0243] Next, on this conducting layer, 3 parts of N-methoxy methylated nylon and 3 parts of copolymer nylon were 
dissolved in a mixed solvent of 65 parts of methanol and 30 parts of butanol to prepare a coating solution, and this 
was coated by dip coating, followed by drying to forni an intemnediate layer with a layer thickness of 0.5 ^m. 
[0244] Next, 4 parts of hydroxygallium phthalocyanine having strong peaks at 7.4** and 28.2'* of diffraction angles 
(2e±0.2°) in the CuKa X-ray diffraction spectrum, 2 parts of polyvinyl butyral resin (trade name: S-LEC BX-1 ; available 
from Sekisui Chemical Co., Ltd.) and 60 parts of cyclbhexanone were dispersed for 4 hours by means of a sand mill 
using glass beads of 1 mm in diameter, followed by addition of 1 00 parts of ethyl acetate to prepare a charge generation 
layer coating dispersion. This was coated on the intermediate layer by dip coating, followed by drying to form a charge 
generation layer with a layer thickness of 0.2 mjti. 

[0245] Next, 6 parts of each high-molecular weight charge-transporting material shown In the following Tables 1 to 
6 (Evaluation and Results) and 10 parts of each binder resin also shown In the following Tables 1 to 6 were dissolved 
in a mixed solvent of 30 parts of nrionochlorobenzene and 70 parts of dichloromethane to prepare a charge transport 
layer coating solution. This was coated on the charge generation layer by dip coating, followed by drying at 120'*C for 
1 hour to form a charge transport layer with a layer thickness of 25 \im. 

[0246] Thus, electrophotographic photosensitive members of the respective Examples were produced. 



Comparative Examples 0-1 to 5-3 

[0247] Electrophotographic photosensitive members of the respective Comparative Examples were produced in the 
35 same manner as in Examples except that as the high-molecular weight charge-transporting materials used in Examples 
one having a repeating structural unit represented by the following formula (7) or those shown in the following Tables 
8 to 12 (Evaluation and Results) was/were used and as the binder resins those also shown in the following Tables 7 
to 12 were used. 
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[0248] The results of evaluation in the respective Examples and Comparative Examples are shown In the following 
Tables 1 to 12. 

[0249] In the following Tables, "Number of structural units" (n or m) means the average value of the number of 
structural units. "Molecular weight (Mw)" means the weight-average molecular weight (Mw). "Cracking" means whether 
or not the solvent cracking has occurred. 
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[0250] As can be seen from the foregoing, the electrophotographic photosensitive members of Comparative Exam- 
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pies, compared with those of Examples, cause chemical deterioration to have caused a great variation of light-area 
potential. 

[0251] As can also be seen from the foregoing, the electrophotographic photosensitive members of Examples, com- 
pared with those of Comparative Examples, have superior running performance in repeated use (mechanical strength 
5 and resistance to wear). 

[0252] In comparison of cases in which the same binder resin is used in the charge transport layer, the electropho- 
tographic photosensitive members of Examples, compared with those of Comparative Examples, are s;een to have 
been improved in the resistance to wear in all cases. 

[0253] The use of the high-molecular weight charge-transporting material according to the present invention also 

10 shows the results that the solvent cracl<tng can be kept from occunring. 

[0254] Thus, when the high-molecular weight charge-transporting material having the specific repeating structural 
unit and also having the specific energy level of highest occupied molecular orbital (Ehqmo) '® used as the charge- 
transporting material, the electrophotographic photosensitive member can be provided which has high mechanical 
strength and also can not easily cause chemical deterioration even in repeated use and has stable electrophotographic 

15 performance. 

[0255] The present invention relates to an electrophotographic photosensitive member having a support and provided 
thereon a photosensitive layer. The photosensitive layer contains a high-molecular weight charge-transporting material 
having a specific repeating structural unit. The high-molecular weight charge-transporting material has a weight-aver- 
age molecular weight Mw of 1 ,500 or more and an energy level of highest occupied molecular orbital, EhomO' ^^^^ 
20 -8.3 eV or more to -8.0 eV or less as found by semiempirical molecular-orbital calculation. The present invention also 
relates to a process cartridge and an electrophotographic apparatus which have such an electrophotographic photo- 
sensitive member. 

25 Claims 

1. An electrophotographic photosensitive member comprising a support and provided thereon a photosensitive layer, 
wherein; 

. said photosensitive layer contains a high-molecular weight charge-transporting material having a repeating 
30 structiirial unit represented by the following formula {1 ); and 

the high-molecular weight charge-transporting material has: 

a weight-average molecular weight Mw of 1 ,500 or more; and 

an energy level of highest occupied molecular ortDital, Ehomo*^^ ^^^^ '^-^ ®^ ^^^^ "^-^ ®V ^® 
35 found by semiempirical molecular-orisital calculation: 
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(1) 



wherein Ar'ii represents a substituted or unsubstituted monovalent aromatic ring group or a substituted or unsub- 
stituted monovalent heterocyclic ring group; and Ar'»2 represents a divalent group having a structure selected from 
the group consisting of structures represented by the following formulas (2), (2)' and (2)": 
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wherein; 

in the formula (2), Ar^'' and Ar^^ each independently represent a substituted or unsubstituted trivalent aro- 
matic ring group or a substituted or unsubstituted trivalent heterocyclic ring group; A^"" and A22 each independently 
represent a single bond, or a Group 14 element having a hydrogen atom, a substituted or unsubstituted alkyi group, 
a substituted or unsubstituted ary) group, a substituted or unsubstituted alkoxyl group or an electron-attracting 
group, or a Group 15 element having a hydrogen atom, a substituted or unsubstituted alkyl group, a substituted 
or unsubstituted aryl group or an electron-attracting group, or a Group 1 6 element; and letter symbol c represents 
0 or 1 and, when c is 0, it represents that Ar^"" and Ar^^ stand combined directly; 

in the formula (2)', Ar^i' and Ar^s' each independently represent a substituted or unsubstituted divalent aro- 
matic ring group or a substituted or unsubstituted divalent heterocyclic ring group; A^^' represents a Group 14 
element having a hydrogen atom, a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl 
group, a substituted or unsubstituted alkoxyl group or an electron -attracting group, or a Group 15 element having 
a hydrogen atom, a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group or an electron- 
attracting group, or a Group 1 6 element; and letter symbol c' represents 0 or 1 and, when c' is 0, it represents that 
Ar^i' and Ar22' stand combined directly; and 

in the fonnula (2)", Ar^i" represents a substituted or unsubstituted divalent aromatic ring group or a substituted 
or unsubstituted divalent heterocyclic ring group; and letter symbol c" represents an integer of 1 or more, provided 
that, when c" is two or more, the two or more Ar2i''s may be the same or different. 

The electrophotographic photosensitive member according to claim 1 , wherein said high-molecular weight charge- 
transporting material has an electron-attracting group. 

The electrophotographic photosensitive member according to claim 2, wherein said high-molecular weight charge- 
transporting material has a repeating structural unit represented by the following formula (11): 
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(1 1) 



wherein R^''^'* to R^''''^, each independently represent a hydrogen atom, a substituted or unsubstltuted alky) group, 
a substituted or unsubstltuted aryt group, a substituted or unsubstltuted alkoxyl group or an electron-attracting 
group; provided that at least one of R"""*®! to R''"'''^ Is the electron -attracting group. 

The electrophotographic photosensitive member according to claim 3, wherein said high-molecular weight charge- 
transporting material has a repeating structural unit represented by the following formula (12): 





R1203 






Rl201_ 






— N 




(1 2) 



wherein R^soi xq r1213 each independently represent a hydrogen atom, a substituted or unsubstltuted alkyl group, 
a substituted or unsubstltuted ar/l group, a substituted or unsubstltuted alkoxyl group or an electron -attracting 
group; provided that a case or cases in which the units represented by the formulas (11 ) and (12) have the same 
structure is/are excluded. 

The electrophotographic photosensitive member according to claim 1 , wherein said high-molecular weight charge- 
transporting material has a repeating structural unit represented by the following formula (21): 




(2 1) 



wherein R2ioi to R2113 each independently represent a hydrogen atom, a substituted or unsubstltuted alkyl group, 
a substituted or unsubstltuted aryl group, a substituted or unsubstltuted alkoxyl group or an electron-attracting 
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group; and A^i°^ represents a Group 14 element having a hydrogen atonn, a substituted or unsubstituted alkyi 
group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an electron-at- 
tracting group, or a Group 16 element. 

s 6. The electrophotographic photosensitive member according to claim 1 , wherein said high-molecular weight charge- 
transporting material has a repeating structural unit represented by the following formula (22): 




(2 2) 



wherein R2201 to R2211 each independently represent a hydrogen atom, a substituted or unsubstituted alkyI group, 
a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an electron-attracting 
25 group; and A^soi represents a Group 14 element having a hydrogen atom, a substituted or unsubstituted alkyI 

group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an electron-at- 
tracting group, or a Group 1 6 element. 

7. The electrophotographic photosensitive member according to claim 5, wherein said high-molecular weight charge- 
30 transporting material has a repeating structural unit represented by the following formula (23): 




(2 3) 



wherein R2301 R2313 each independently represent a hydrogen atom, a substituted or unsubstituted alkyI group, 
a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an electron-attracting 
group; provided that, when said high-molecular weight charge-transporting material also has the unit represented 
by the formula (12), a case or cases in which the units represented by the fomriulas (12) and (23) have the same 
so structure is/are excluded. 

8. The electrophotographic photosensitive member according to claim 1 , wherein said high-molecular weight charge- 
transporting material has a repeating structural unit represented by the following formula (31): 

55 



110 

BNSDOCID: <EP 135743eA2J_> 



EP 1 357 436 A2 




(3 1) 



wherein R3ioi to r3105 each independently represent a hydrogen atonn, a substituted or unsubstrtuted alkyi group, 
a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an electron-attracting 
group; and Z^ioi represents a substituted or unsubstituted divalent heterocyclic ring group; and letter symbol d 
represents an integer of 1 or more, provided that, when d is two or more, the two or more Z^io^'s may be the same 
or different. 

9. The electrophotographic photosensitive member according to claim 8, wherein said high-molecular weight charge- 
transporting material has a repeating structural unit represented by the following formula (32): 



wherein r320i r3213 each independently represent a hydrogen atom, a substituted or unsubstituted alkyI group, 
a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an electron-attracting 
group; provided that, when said high-molecular weight charge-transporting material also has the unit represented 
by the formula (12), a case or cases in which the units represented by the fomnulas (12) and (32) have the same 
structure is/are excluded, and when said high-molecular weight charge-transporting material also has the unit 
represented by the fomnula (23), a case or cases in which the units represented by the formulas (23) and (32) have 
the same structure is/are excluded. 

10. The electrophotographic photosensitive member according to claim 1 , wherein said high-molecular weight charge- 
transporting material has a repeating structural unit represented by the following formula (41): 





(3 2) 
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(4 1) 



*5 wherein Z*""®! .represents a substituted or unsubstituted monovalent heterocyclic ring group; and R4106 r4ii3 

each independently represent a hydrogen atonn, a substituted or unsubstituted alkyi group, a substituted or un- 
substituted aryl group, a substituted or unsubstituted alkoxyl group or an electron-attracting group. 

11. The electrophotographic photosensitive member according to claim 10, wherein said high-molecular weight 
20 charge-transporting material has a repeating structural unit represented by the following formula (42): 



25 



30 




(4 2) 



35 



40 



45 



wherein R4201 r4213 each independently represent a hydrogen atom, a substituted or unsubstituted alky! group, 
a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an electron-attracting 
group; provided that, when said high-molecular weight charge-transporting material also has the unit represented 
by the formula (12), a case or cases in which the units represented by the fomriulas (12) and (42) have the same 
structure is/are excluded, when said high-molecular weight charge-transporting material also has the unit repre- 
sented by the formula (23), a case or cases in which the units represented by the formulas (23) and (42) have the 
same structure is/are excluded, and when said high-molecular weight charge-transporting material also has the 
unit represented by the formula (32), a case or cases in which the units represented by the formulas (32) and (42) 
have the same structure is/are excluded. 

12. The electrophotographic photosensitive member according to claim 1 , wherein said high-molecular weight charge- 
transporting material has a repeating structural unit represented by the following formula (51): 



50 
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(5 1) 



wherein Ar^ioi represents an aromatic ring group substrtuted with at least one electron-attracting group, or a sub- 
stituted or unsubstituted heterocyclic ring group; R5101 to RSios each independently represent a hydrogen atonn. 
a substituted or unsubstituted alkyi group, a substituted or unsubstituted aryl group, a substituted or unsubstituted 
alkoxyl group or an electron-attracting group; R5103 and R5105 nnay combine through a chemical species having 
at least one atom, to form a ring structure; and A^'*°'' represents a Group 14 element having a hydrogen atom, a 
substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group, a substituted or unsubstituted 
alkoxyl group or an electron-attracting group, or a Group 15 element having a hydrogen atom, a substituted or 
unsubstituted alkyl group, a substituted or unsubstituted aryl group or an electron-attracting group, or a Group 1 6 
element. 

13. The electrophotographic photosensitive member according to claim 12, wherein said high-molecular weight 
charge>transporting material has a repeating structural unit represented by the following formula (52): 



wherein Ar^Sd represents a substituted or unsubstituted monovalent aromatic ring or a substituted or unsubstituted 
monovalent heterocyclic ring group; R5201 to R5206 each independently represent a hydrogen atom, a substituted 
or unsubstituted alkyl group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group 
or an electron-attracting group: R5203 and R5205 may combine through a chemical species having at least one 
atom, to form a ring structure; and A^^ot represents a Group 14 element having a hydrogen atom, a substituted 
or unsubstituted alkyl group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group 
or an electron-attracting group, or a Group 15 element having a hydrogen atom, a substituted or unsubstituted 
alkyl group, a substituted or unsubstituted aryl group or an electron-attracting group, or a Group 1 6 element; pro- 
vided that a case or cases in which the units represented by the formulas (51) and (52) have the same structure 
is/are excluded. 

14. The electrophotographic photosensitive member according to claim 12, wherein said high-molecular weight 
charge-transporting material has a repeating structural unit represented by the following fomnula (53): 




(5 2) 
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KSOl 



10 



(5 3) 



-N ^Ar^ 



15 



20 



wherein Ar530i represents a substituted or unsubstrtuted monovalent aromatic ring or a substituted or unsubstituted 
monovalent heterocyclic ring group; provided that, when said high-molecular weight charge-transporting material 
also has the unit represented by the fomnula (31), a case or cases in which the units represented by the formulas 
(31) and (53) have the same structure is/are excluded, when said high-molecular weight charge-transporting ma- 
terial also has the unit represented by the formula (41), a case or cases in which the units represented by the 
fomnulas (41) and (53) have the same structure is/are excluded, and when said high-molecular weight charge- 
transporting material also has the unit represented by the formula (42), a case or cases in which the units repre- 
sented by the fonnulas (42) and (53) have the same structure is/are excluded; and Ar^^oa represents a group 
selected from the group consisting of the following groups (i), (ii), (ill) and (iv): 



25 



(i) a group having structure represented by the following formula (54): 



30 



95401 



^02 




(5 4) 



35 



40 



wherein RS^'' to R5408 each independently represent a hydrogen atom, a substituted or unsubstituted alky! 
group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an electron- 
attracting group; and A^"" represents a Group 14 element having a hydrogen atom, a substituted or unsub- 
stituted alkyi group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or 
an electron-attracting group, or a Group 16 element; provided that, when said high-molecular weight charge- 
transporting material also has the unit represented by the formula (21), a case or cases in which the units 
represented by the fonmula (21) and the fomiula (53) in which Ar^soa js represented by the formula (54) have 
the same structure is/are excluded; 

(ii) a group having structure represented by the following fonmula (55): 



45 



50 



>6601 



R5604 



p5B02 




(5 5) 



,6606 



55 



Wherein R5501 to Rssoe each independently represent a hydrogen atom, a substituted or unsubstituted alkyI 
group, a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an electron- 
attracting group; and A^^^"" represents a Group 14 element having a hydrogen atom, a substituted or unsub- 
stituted alkyI group, a substituted or unsubstituted aryl group or an electron-attracting group, or a Group 15 
element having a hydrogen atom, a substituted or unsubstituted alkyI group, a substituted or unsubstituted 
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aryl group or an electron-attracting group, or a Group 16 element; provided that, when said high-niolecular 
weight charge-transporting material also has the unit represented by the fonmula (22), a case or cases in which 
the units represented by the fonmula (22) and the formula (53) in which Ar5302 represented by the formula 
(55) have the same structure is/are excluded; 
5 (Hi) a substituted or unsubstituted divalent aromatic ring group, or a polymer thereof; and 

(iv) a substituted or unsubstituted divalent heterocyclic ring group, or a polymer thereof. 

15. The electrophotographic photosensitive member according to claim 1 , wherein said photosensitive layer is a sur- 
face layer of the electrophotographic photosensitive member. 

10 

16. The electrophotographic photosensitive member according to claim 1 5, wherein said photosensitive layer contains 
a polycarbonate. 

17. The electrophotographic photosensitive member according to claim 15, wherein said photosensitive layer contains 
15 a polyarylate. 

18- A process cartridge comprising an electrophotographic photosensitive member and a means selected from the 
group consisting of a charging means, a developing means and a cleaning means which are Integrally supported, 
and being detachably mountable to the body of an electrophotographic apparatus; 
20 said electrophotographic photosensitive member comprising a support and provided thereon a photosensi- 

tive layer, wherein; 

said photosensitive layer contains a high-molecular weight charge-transporting material having a repeating 
structural unit represented by the following formula (1); and 

the high-molecular weight charge-transporting material has: 

25 

a weight-average molecular weight Mw of 1 ,500 or more; and 

an energy level of highest occupied molecular orbital, Ehomo» ^^^^ '^-^ ®V more to -8.0 eV or less as 
found by semiempirical molecular-oriDital calculation: 

30 



35 




(1) 



wherein Ar''^ represents a substituted or unsubstituted monovalent aromatic ring group or a substituted or unsub- 
stituted monovalent heterocyclic ring group; and Ar^2 represents a divalent group having a stmcture selected from 
40 the group consisting of structures represented by the following formulas (2), (2)' and (2)": 
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(2)' 



-Ar^'"—\— (2)" 



. wherein; 

in the formula (2), Ar^^ and Ar^s each independently represent a substituted or unsubstituted trivalent aro- 
matic ring group or a substituted or unsubstituted trivalent heterocyclic ring group: A^^ and A^s each independently 

20 represent a single bond, or a Group 14 element having a hydrogen atom, a substituted or unsubstituted alkyi group, 

a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an electron-attracting 
group, era Group 15 element having a hydrogen atom, a substituted or unsubstituted alkyI group, a substituted 
or unsubstituted aryl group or an electron-attracting group, or a Group 1 6 element; and letter symbol c represents 
0 or 1 and, when c is 0, it represents that Ar^i and Ar22 stand combined directly; 

25 In the formula (2)', Ar^*"* and Ar^s* each independently represent a substituted or unsubstituted divalent aro- 

matic ring group or a substituted or unsubstituted divalent heterocyclic ring group; A^"** represents a Group 14 
element having a hydrogen atom, a substituted or unsubstituted alkyI group, a substituted or unsubstituted aryl 
group, a substituted or unsubstituted alkoxyl group or an electron-attracting group, or a Group 15 element having 
a hydrogen atom, a substituted or unsubstituted alkyI group, a substituted or unsubstituted aryl group or an electron- 

30 attracting group, or a Group 1 6 element; and letter symbol c' represents 0 or 1 and, when c' is 0, it represents that 

Ar^''" and Ar^^" stand combined directly; and 

in the formula (2)", Ar^"' " represents a substituted or unsubstituted divalent aromatic ring group or a substituted 
or unsubstituted divalent heterocyclic ring group; and letter symbol c" represents an integer of 1 or more, provided 
that, when c" is two or more, the two or more Ar^^''s may be the same or different. 

35 

19. An electrophotographic apparatus comprising an electrophotographic photosensitive member, a charging means, 
an exposure means, a developing means and a transfer means; 

said electrophotographic photosensitive member comprising a support and provided thereon a photosensi- 
tive layer, wherein; 

^ said photosensitive layer contains a high-molecular weight charge-transporting material having a repeating 

structural unit represented by the following formula (1); and 

the high-molecular weight charge-transporting material has: 

a weight-average molecular weight Mw of 1 ,500 or more; and 
^5 an energy level of highest occupied molecular ori3ital, Ehomo. from -B.3 eV or more to -8.0 eV or less as 

found by semiempirical molecular-orbital calculation: 




12 



(1) 



wherein Ar""^ represents a substituted or unsubstituted monovalent aromatic ring group or a substituted or unsub- 
stituted monovalent heterocyclic ring group; and Ar"'2 represents a divalent group having a structure selected from 
the group consisting of structures represented by the following formulas (2), (2)' and (2)": 
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wherein; 

in the formula (2), Ar^"* and Ar^ each independently represent a substituted or unsubstituted trivalent aro- 
matic ring group or a substituted or unsubstituted trivalent heterocyclic ring group; A^i and A22 each independently 

30 represent a single bond, or a Group 14 element having a hydrogen atom, asubstitutedor unsubstituted alkyi group, 

a substituted or unsubstituted aryl group, a substituted or unsubstituted alkoxyl group or an electron-attracting 
group, or a Group 15 element having a hydrogen atom, a substituted or unsubstituted alkyI group, a substituted 
or unsubstituted aryl group or an electron-attracting group, or a Group 1 6 element; and letter symbol c represents 
0 or 1 and, when c is 0, it represents that Ar^^ and Ar22 stand combined directly; 

35 in the formula (2)', Ar^i' and Ar22' each independently represent a substituted or unsubstituted divalent aro- 

matic ring group or a substituted or unsubstituted divalent heterocyclic ring group; A^""' represents a Group 14 
element having a hydrogen atom, a substituted or unsubstituted alkyI group, a substituted or unsubstituted aryl 
group, a substituted or unsubstituted alkoxyl group or an electron -attracting group, or a Group 15 element having 
a hydrogen atom, a substituted or unsubstituted alkyI group, a substituted or unsubstituted aryl group or an electron- 

40 attracting group, or a Group 1 6 element; and letter symbol c* represents 0 or 1 and, when c' is 0, it represents that 

Ar2t' and Ar22' stand combined directly; and 

in the fonnula (2)", Ar2i' represents a substituted or unsubstituted divalent aromatic ring group or a substituted 
or unsubstituted divalent heterocyclic ring group; and letter symbol c" represents an integer of 1 or more, provided 
that, when c" is two or more, the two or more Ar^i^'s may be the same or different. 

45 . 
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